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INTRODUCTION
-

Introducing You to S.E.A. Lab

S.E.A. Lab is a series of science ex-
periments and activities designed for secon-
dary school students taking biology,
chemistry, physics, physical science or
marine science courses. Each of the three
major secctions—chemistry, biology and
physics—addresses concepts that are
generally covered in those courses but in-
corporates aspects of marine science. In
many cases, you can substitute S.E.A. Lab
activities for labs from your text.

Within each szction, you will find major
concepts, such as density, pH, photasyn-
thesis, respiration or sound, that are sup-
ported by student activities. Each activity
contains background reading for you or
your students, a materials list, procedures
for completing the activity and extension
ideas. Some of the activities are challenging;
some are simple. At the end of each con-
cept division, references, resources and
aducatior competencies are listed.

Use the table of contents to get started.
Check the different ideas presented. Mix
and match activities to show how basic
science solves problems in coastal waters
and the ocean. Activities in the chemistry
section can enrich a biology lesson. Marine
science problems integrate all the science
disciplines.

S.E.A. +rig Sesigned so new activities
can be addec.. We want to keep an open
line of communication betvieen marine
research and the teac“ci. if you want to
share ycur labs with ci:ier teachers or make
suggestions on existing ones, contact the
UNC Sea Grant Marine Education
Specialist, Box 8605, North Carolina State
University, Raleigh, North Carolina
27695-8605

Welcome aboard.

Vil
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CHEMISTRY/PART 1
S T R

Chemical Reactions in the Marine Environment

Introduction

Stoichiometry is a core topic in introductory
chemisiry courses. It is often taught without practical
applications. However, marine science offers many
concree exampies ¢f chemical reactions that can be
used to write and bialance equations. These reactions
can be developed ard easily explained to students.
This approach provides students with an understand-
ing of orean proresses and a framework for learning
about chemical reactions.

This section contains backgrouid information for
teacher iectures and student actities. The exercises
and information are designed to be used as is or in
parts. They vary in complexiy. The list of elements car,
be used as individial examples when discussing
chemical symbuls, element names and the pernodic
table.

The first studzni activity invc'ves naming elements
anr writing chemical symbols. Th questions in this
activity are good for review or test questions. The sec-
ond achvity offers equaticns to baiance and an ex
planatior: of how the reactions these equations
represent are important (o the marine environment.
These reactions would be good as a review workshieet
or as test questions. Tire remainder of the exercises
are iab activities.

Teacher Background Information

Below are elements and compounds important o
the marine environment (Table 1)

Elements

Aikali metals--are major ions in seawater They lack
criemical reactivity in solution and exist mainy as ca-
tions. Sodium and potassiurmn 1ons have long residence
tmes. Hesidence time is the lengih of tme a parucle
or substance spends in the ocean.

Calcium --1s a major 10n in seawater. It is concentrated
In deep vaters because of the abundance of calcium
carborate snzlls on the ocean ficor, Clams have
calcium carbonate shells. But below 40,2 meiers
caiciurn carbonate dissolves because its solubity in-
creases in cold water. Thus calcium carbonate is com-
monly found topping seamounts, like snow on a
mountain, and forms a “snow line" called the CCD
line (carbonate compensation depth).

Strontium-—is also a major ion in seawater. Its concen-
tration is affected by absorption into living organisms.

Aluminum family—have short residence times in
seawater. Aluminum is the most abundant, but the
others in this family are low in abundance. Coastal
waters have higher concentrations of thallium than
ocean waters. Scientists cannot explain this trend, but
they huve observed it in numerous areas.

Germanriumi—has been found in high concentrations
around hydrothermal vents. FHydrcthermal vents are
not water springs on the sea floor. They are located
nedr rifts, or breaks, in the ocean fioor and cause a
change in the temperature and chemistry of nearby
seawater.

Nitrogen and phosphorus—are micronutrients. In
seawater, nitrogen occurs in nitrates or ammonia, and
phosphorus is found in phosphates.

Arsenic—has some chemical similarities to phosphorus.
It may play a similar role to phosphates in metatrolic
processes [t is aiso known to interfere with conven-
tional phosphate analysis through the formation of a
molybdenum blue color.

Pclonium—is concenirated by marine organisrns.
Because polonium's isotopes are radioactive, it is a
good natural tracer of feeding pathways for marine
anirnais.

Selenium--is quickly removed from seawater. Although
toxic to orgamisms at high concentrations, at lesser
conrcentrations # cén be beneficial.

Chiorine—is abundant in the ocean. Historically, the
amount of chioride ion :n seawater has been used to
determine saimity levels. Now, it is added to water as a
disinfecting agent. However, the large input of chlorine
Ly indlustry and water treatment plants may alter
rarine food chains, affecting tarval organisms and
small fisk. Chlorine is also very reactive with organic
compounds forming potentiaily dangerous chiorinated
hydrocartons.

Cadmium-—a heawy metal. is a poliutant in the ocean.
It is taken up by shellfish and in excess may sause a
debilitating disease in humans.

Copper—ig a metal found in the binod of crabs that is
analogous to the iron in hernoglobin. it 1s used as an
anti-fouling agent in marine paints for boats, When

C/1
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found in high concentrations, it is toxic to marine
animals.

Vanadium—is a trace element found in the blood of
creatures such as sea squirts and sea cucumbers.
The concentration of vanadium in these animals is 106
times greater than in seawater. Research shows that it
probabiy acts as an anti-predator agent.

Cobalt—is a trace metal found in lobsters and
mussels.

Nickel—is a metal found in mollusks such as clams.
lodine—is found concentrated in seaweeds.

Magnesium—is the eighth most abundant element in
the earth's crust and the third most abundant element
in seawater.

Manganese—forms metal nodules on the ocean floor.
They grow slowly (10 to 200 millimeters per one million
years) around a nucieus such as a shark’s tooth.

Mercury and lead—aia enzyme poisons. In high con-
centrations, they can contaminate and kill fish and
shellfish. These metals affect the neurological system
of humans.

Compounds

Magnesium sulfate—is important acoustically. Its con-
centration in seawater affects the iransmission of
sound.

Carbonic acid and boric acid—act as buffers in the
marine environment.

Silicon dioxide—is used by many organisms to make
skeletal structures.

Calcium carbonate—is absorbed by many organisms
and secreted as a protective shell or skeleton.
Organisms that use calcium carbonate include shell-
fish, corals and some tropical algae.

Table 1. 44 Trace Elements Found in Seawater and Their Concentrations

Element Concentration (PPB)* Element Concentration (PPB)
Carbon 200-3000 Cobalt 0.2-0.7
Lithium 170 Mercury 0.15-0.27
Rubidium 120 Silver 0.14%5
Barium 10-63 Chromium 0.13-0.25
Molybdenum 40-120 Tur.gsten 0.12
Selenium 4.0-6.0 Cadmium 0.11
Arsenic 30 Manganese 0.1-8.0
Uranium 3.0 Neon 0.1
Vanadium 2.0 Xenon 0.1

Nickel 2.0 Germanium 0.07

Iron 1.7-150 Thorium 0.05

Zinc 1.56-10 Scandium 0.04
Aluminum 1.0-10 Biemuth 0.02

Lead 0.6-15 Titanium 0.02
Copper 0.56-3.5 Gold 0.015-0.4
Antimony 05 Niobium 0.01-0.02
Cesium 0.5 Gallium 0.007-0.03
Cerium 0.4 Helium 0.005
Krypton 0.3 Beryllium 0.0005
Yttrium 0.3 Protactinium 2x107°6
Tin 0.3 Radium 1x10 7
Lanthanum 0.3 Radon 0.6x 10 12

*Nole as values in parts per billion

10
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ACTIVITY 1

Elements and Compounds in the Ocean

Purpose

To review chemical symbols and teach elements
and compounds found in the marine environment.

Procedure

For each marine example, you will need to write
the chemical symbol or name for the element(s) listed.

1. North Carolina has several large estuaries (Figure 1).
Estuaries are partially enclosed bodies of water where
seawater is diluted by fresh water that drains from the
land. These estuaries act as filtering systems to
remove some chemical elem.ents and compounds
from land runoff. But many elements are not reinoved.
Some of these are: Ag, Sb, Cr, Co, Rb, Cs, Se and Mo.
Name these elements.

L [ "~~~
Figure 1 North Carolina estuaries

ALBEMARLE SOUND
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2. Anoxic, or oxygenless, environments in the ocean
have mzry causes. One is pollution. In anoxic envircn-
ments, the precipitation of the following metal sulfides
occurs. Write the formula for each compound.

Copper (ll) sulfide - — S

Zinc sulfide ___

Mercuric sulfide _ . .

Silver sulfide.

Cadmium (ll) sulfide .
Bismuth (Ill) sulfide N
Lead (Il) sulfide

3. Phytoplankton are single-celled plants moved by

ocean currents. They absorb and accumulate metals
in concentrations 103 times greater than is present in
seawater. These metals are listed below. Name them.

Al Nb

Pb Cd

As P

Mn _ Ce

Be ____ Pu

N . Cr

c - .. Sc

Co

Ag ... - Zr. I
Cu ... . . Fe ___ —
Zn

4. Zooplankton are tiny animals moved by ocean cur-
rents. Copepods, small crustaceans, are common
zooplankters. Food availability is greatest for
zooplankton that live in surface waters because of light
penetration. As a result they grow faster and molt
more frequently than zooplankton at greater depths.
This increase in frequency of molts decreases the time
available for absorption of metals. Notice the variability
in metal concentration in surface and deep water
zooplankton (Table 2). Write the correct symbol for
each metal.

C/3
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6. From 1872 uniil 1876, an English expedition known
Table 2. as the Ch‘allenger Expedition gathered and analyzed
Variations in the elemental composition of zooplankton the chemical composition of 77 samples of seawater
from surface and deep (>99m) waters (Riley, 1975), taken at various d_?.‘pths Qf the ocean all over the
world. In 1884, William Dittmar reported the expedi-
Concentration (ug/g ash)” tion's results (Table 3). Dittmar’s results were so precise
Element Surface Deep tinat it took scientists aimost 80 years to get more exact
Lead 117 B _”155 data. Write the name for each ion or compcund
Zinc 657 1909 measured.
Iron 2.900 4,200
Cadmium 16 15
Cobalt 44 37 Table 3.
Copper 15 132 Dittmar's values for the maijor constituents of seawater
Nickel 100 1560 (values in grams per kilogram, ppt) (Sverdrup, 1946).
Manganese <70 838 -
Strontium 890 1140 Original Values
Calcium 103900 105000 lon/Compound ppt %
Magnesium 45,700 46,200 ClIt- 18.971 55.29
heh i Br- 0.065 0.19
Z/;(s)r:) |:nt|:§ r:s'ott solid residue left after combustion with the SO.2- 2 639 7 69
COq2"- 0.071 0.21
7. One of the most extraordinary examples of HCO5' : .
anomalies in elemental composition is found in the hot F R
brines of the Red Sea. The hot brines are located in a H3803 ot co
section of the Red Sea that evaporated milions of Mg?* 1.278 3.72
years ago leaving salt deposits on the ocean floor. Hot Ca2* 0.411 1.20
solutions, like those at hydrothermal vents, have Srz* 0.411 1.20
worked their way through the ocean crust and have Kt 0.379 1.10
dissolved the salt, forming derse brines that pool in Na'* 10.497 30.59
depressions on the ocean f‘Ioor. Wirite th.e name for TOTAL 34.311
each element or ion found in the hot brine.
*{. .. means that no measurement was made)
Cloeeee .. ... Na
7. Manganese nodules have been found to be

economically important sources of metals. Manganese
I o nodules form slowly on the ocean floor They contain
large concentrations of manganese and iron, and

St oo Cu S smaller concentrations of nickel, copper and cobalit.
S02° . . Kk Write the symbol for each of the metals found in the
nodules.
Fe . . . Co . .
ss NG 8. Biological processes (photosynthesis, respiration,
M ob decomposition, etc.) involve the cycling of carbon,
n.... e

nitrogen and phosphorus. As these processes occur,
carbon, nitrogen and phosphorus are usually found
as CQOy, NO3 ™, NH3, NH4*, PO43~ in the marine en-
vironment. Name these compounds and ions.
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9. Studies have "oud active hydrothermal vents with sulfur from rocks below tiie sea fioor. After coming in
water temperatures exceeding 350°C. These vents contact with cooler seawater, the metals and sulfur
are called "black smokers" because the emissions precipitate, producing deposits containing ferric sulfide,
contain sulfides that color them black (Figure 2). The cuprous sulfide, zinc sulfide, silver sulfate and calcium
sulfide mineralization occurs when /ery hot seawater sulfate. Write the formulas for these cornpounds.

circulates in the vents and leaches 1eavy mewls and

.-, .~
Figure 2 Black smoker
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ACTIVITY 2
Marine Chemical Reactions

Purpose

To practice balancing chemical equations that
describe marine reactions.

Procedure

Balance all equations in the problems below.

1. The formation of organic compounds in the ocean
is an important process. This process uses carbon,
nitrogen and phosphorus in a specific ratio called the
Redfield ratio. Determine the ratio of atoms of C:N:P.

CO, + NOs' ™ + PO~ + H.0 —
C1o6N16PH108046 + Oz

2. Scientists have determined ways to remove
economically important metals from seawater. At Kure
Beach, N.C., the first plant was built to extract bromine
from seawater. (This plant is no longer in operation.)
The reaction below occurs after the seawater is
pumped into a plant. Chlorine is used to oxidize
bromide into bromine gas.

C|2 + NaBr— Brgf + NaCl

3. The earliest recovery of bromine from seawater took
place when the advent of leaded gasoline increased
the demand for bromine. The following equation is
another step in the process of extracting bromine from
seawater. Bromine liberated in the reaction above dif-
fuses irto the surrounding air. The bromine-laden air
passes into towers where it is absorbed by sodium
carbonate. The products of this reaction are treaied
with sulfuric acid to liberate bromine.

Br, + NasCO; - NaBr + NaBrO; + CO;

4. This is the equation for photosynthesis in plants.

ight

COQ + Hzo_‘> CsH1206 + 02

5. The equation below is blue-green algae photosyn-
thesis in bacteria and cyanobacteria. This process
uses hydrogen sulfide instead of water as the
hydrogen source.

hght

COg + HgS“"" CsHmOs +S + H,0O

6. The following equation is for chemosynthesis in
bacteria. This process is similar to photosynthesis but
uses hydrogen sulfide as an energy source instead of
light. The discovery of hydrothermal vents gave this
process ecological importance.

CO, + Oy + HaS — CgH1206 + S + H20

7. Bacteria are important to marine sediments. In sedi-

ment communities oxygen is used rapidly. Organisms

living there are adapted to low oxygen levels, and they
break down organic compounds without using oxygen.
The next two equations show ways that bacteria break
down organic compounds without using oxygen.

CeH1206 + HQSO4" Hgs + Hgo + COQ

CH0 + HNO; = Ny + H,O + CO,

NOTE: CH,0 is the empirical formula for carbohy-
drates. It is the simplest form and makes balancing
some equations easier.

8. The next five equations describe the weathering
(breakdown) of rocks containing silicon. This weather-
ing process takes place primarity on land through the
erosion of rocks by rainfall. Silicon becomes dissolved
in the water and enters rivers, then estuaries, and final-
ly the ocean. Knowledge of these five equat.ons is the
result of silicon studies performed in estuaries.

Si0, (quartz) + H20 = H4SiOy

N8A|Si303 (albite) + HgCOa + HQO"" Na* +
HCOa- + H4Sl04 + AlelgOs(OH).; (kaolinite)

KAISizOg (orthoclase) + HCO3 + HO— K* +
HCOa- + H4SIO4 + KA'aSian(OH)g (mica)

KMg3AISi;O1o(OH), (biotite) + H,CO3 + HO— K* +
MgZ* + HCO3~ + H4SiO4 + A|28i205(OH)4 (kaolinite)

Al2Si20s(0OH), (kadlinite) + HoO =+ HaSiO4 +
AlO3 * H.0 (glbbSlte)

O .16
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9. The chemical cycles of almost every major element
found in the earth’s crust involves carbon dioxide. The
1ollowing equations are reactions that are part of the
cycling of calcium, magnesium, iron and iron silicates
through the marine environment.

a) CaCO:; + SIOg - CaSiO:; + COz

b) MgCO;; + Si0; — MgSiO; + CO,

C) F8203 + SI02 + CHgo_’ FeS|03 + Hgo + COg

d) Fe03 + CH,O + CaSO4 = CaCO3 + FeS +
COg + Hgo

10. The next two reactions are part of element cycling
but involve oxygen in the reaction instead of carbon
dioxide.

a) FGgSa + Hzo + 02" FGgOa + HgSOa

b) FeSiO; + Oy, —> Fe,O3 + SiO»

1

-

9]
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ACTIVITY 3
Ide:tification of Halide lons

Purpose

To observe four chemical reactions between solu-
tions of halide compounds and silver nitrate, and to
use the results of those reactions to deterrine which
halide ions are present in “unknown” solutions.

Background

The ocean is a practical example Sf elements ex-
isting as ions in water. lons of elements in Group 1A,
particularly sodium and potassium are found in
seawater. All halogens, except for astatine, exist as
ions in the ocean. The hot brines of the Red Sea con-
tain chloride, bromide, sodium and potassium ions.
Nitrogen is a micronutrient n the ocean and occurs in
nitrate ions.

When salts dissolve in water they break into posi-
tive and negative ions. Negatively charged ions (other
than polyatomic ions) have an “ide" ending on their

names. Negative ions in the halogen group are col'ec-

tively called halide ions. Chemical reactions can be
used to determine the identity of ions in a solution.

Equipment/Materials

0.10 M sodium chloride

0.10 M sodium fluoride

0.10 M sodium iodide

0.10 M sodium bromide

010 M silver nitrate

notebook paper

glass plate

6 unknown halide ion solutions

CAUTION: Do not begin this lab until your
teacher has given you safety instructions and
cautions for each chemical. Wear eye and
clothing protection. Silver nitrate temporarily
stains human skin brown and decomposes when
expo xed to light.

Proceau.c

Section 1 / Reac! uns of Halide Compounds with
Silver Nitraw

Place a well-cleaned glass plate on a sheet of
notebook paper. On the notebook paper beside each
of the four corners of the glass plate, write one of the
halide compound formulas.

Pu two drops of the appropriate halide solution
on each labeled corner of the glass plate. Then add
two drops of silver nitrate solution to each of the four
solutions already on the plate.

Write your observations of the four reactions in a
data table. This will be Table 1. Be sure to give it a title.

Section 2 / Identifying Halide lons in
Unknown Solutions

Now you are ready to determine which halide ion
is present in unknown solutions. Thoroughly clean
your glass plate. Add two drops of silver nitrate to two
drops of unknown solution #1 on the plate. Write your
observations of this reaction in a new data table. This
will be Table 2.

Use your observations from Table 1 to determine
which halide ic-  present in unknown solution #1.
You have four }  Milities: chloride, fluoride, iodide or
bromide. There v.ill be only one halide ion in each
unknown solution.

Once you have determined the halide ion present
in unknown #1, record the answer (by using the sym-
bol of the ion and a negative charge) in Table 2
beside your observation. (NOTE: Halide ions are not
diatomic. Do not use a subscript beside the ion
symbol.)

Repeat the procedure above until you have iden-
tified the halide ions in all six unknown solutions.
Record the observation and identification data for all
unknowns in Table 2.

Questions

1. Write balanced equations for the chemical changes
(reactions) that occurred in section 1.

2. Write the names and formulas for the three water-
insoluble silver compounds (precipitates) produced in
section 1.

3. Write the name and formula for the one water-
soluble silver compound produced in section 1.

4. s silver nitrate soluble in water?
5. s sodium nitrate soluble in water?

6. Sodium fluoride, sodium iodide, solium chloride and
sodium bromide are all (soluble, insoluble) in water.
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7. All compounds coruaining (silver, nitrate) are water
soluble.

8. All compounds containing (sodium, silver) are water
soluble.

9. All halide ions have a (negative, positive) charge.

1C. What are the colors of the following compounds?

(a) silver chioride
(b) silver bromide
(c) silver iodide

11. Mention two sources of error in this experiment
and ways to correct them.

[y

-~J

12. | have a bottle of acid that has no label. It is
hydrochloric or hydrofluoric acid. These two acids are
water solutions. | added a few drops of silver nitrate to
a small portion of the acid in question. A white precip-
itate formed. Now | know the identity of the acid. Is the
acid hydrofluoric or hydrochloric?

13. How did | know the identity of the acid in the
questions above? HINT. Acids break into ions when
they are in water solution just as salts do.

14. What is the most abundant halide ion found in the
ocean?

15. What are the two most abundant ions in the
ocean?

C/9
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ACTIVITY 4

Magnesium and its Compounds

Purpose

To produce and observe some compounds of
magnesium.

Background

Magnesium (along with bromine, sodium chloride,
natural gas, petroleum, sulfur and manganese
nodules) is one of the substances that is currently be-
ing extracted from seawater. Magnesium is the third
most abundant element in seawater ad the eighth
most abundant in the earth’s crust. Zooplankton take
up magnesium, particularly at greater depths. Mag-
nesium is found in the hot brines of the Red Sea. The
presence of magnesium sulfate affects the transmis-
sion of sound in the ocean.

Equipment/Materials

magnesium ribbon

crucible tongs

watch glass

phenolphthalein

test tube

Bunsen burner

hydrochlor'c acid (1.0 M)

Bunsen burner lighter

sodium hydroxide solution (1.0 M)
test tube rack

magnesium sulfate solution (sat'd)
test tube holder

CAUTION: Do not begin this lab until your
teacher has given you lab safety instructions and
cautions for each chermical. Wear eye and
clothing protection.

Procedure

Answer the questions and foliow the instructions
below.

1. Describe two physical properties of a piece of
magnesium

Hold a 3-cm strip of magnesium with crucible tongs
and ignite t with a Bunsen burner. (CAUTION: Do not
look directly at magnesium while it is burning because
of the emission of ultraviolet hght.) Hold the

magnesium above a clean watch glass. When the
strip stops flaming, drop the burned piece on the
watch glass. Keep this burned magnasium for later
use.

2. Describe the state and color of the product of this
reaction.

3. Write the balanced equation for the reaction above.

Moisten the magnesium oxide on the watch glass with
a few drops o distilled water and add two drops of
phenolphthalein.

4. What do you observe?
5. Is this solution acidic or basic?

6. Write the balanced equation for the reaction that
has occurred. (Do not include phenolphthalein in your
equation.)

Put 5 ml of dilute hydrochloric acid in a test tube and
add a 3-cm length of magnesium ribbon. (Keep the
test tube and contents for later use.)

7. Describe the reaction between magnesium and
hydrochleric acid.

8. Write the balanced equation for the reaction in
number 7.

Heat the test tube and contents (saved from above)
gently with a very low flame. Move the test tube in and
out of the flame slowly. Continue to heat gently until all
the liquid evaporates.

9. Describe the residue left after the liquid evaporates.

10. Write the name and formula of the residue.

Place 3 cm of magnesium ribbon in a clean test tube
with enough distilled water to cover the magnesium.
Heat to boiling (use a test tube holder). Remove the
test tube from the flame and observe the surface of
the magnesium. CAUTION: Be careful not to burn
yourself.

11. Was a gas formed in this reaction?

ERIC! 10 |
ERIC 15
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12. Add two drops of phenalphthalein to the test tube.
What do you observe?

13. Is the solution acidic or basic?

14. Write a balanced equation for the reaction be-
tween magnesium and water. Do not include
phenolphthalein in your equation.

In a test tube, combine 5 ml of magnesium sulfate and
5 ml of 1.0 M sodium hydroxide.

15. Describe what you observed after the two solutions
were combined.

16. Write a balanced equation for this reaction. Be
sure to show which product is insoluble in water (1.e.
forms a precipitate).

- -
-~
-~

C/ 11
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ACTIVITY 5
Magnesium from the Sea

Purpose

To separate a magnesium compound from
seawater and write an appropriate balanced chemical
equation for the reaction.

Background

Magjnesium (along with bromine, sodium chloride,
natural gas, petroleum, sulfur and manganese
nodules) is one of the substances that is currently be-
ing extracted from seawater. Magnesium is the third
most abundant element in seawater and the eighth
most abundant in the earth's crust. Zooplankton take
up magnesium, particularly at greater depths.
Magnesium is found in the hot brines of the Red Sea.
The presence of magnesium sulfate affects the
transmission of sound in the ocean.

Equipment

250-ml beaker
100-ml graduated cylinder
1.0 M NaOH (41 g/))
50 g MgSO4
distiled water
stirring rod

balance

goggles

apron

centrifuge
centrifuge tubes

Caution: Do not begin this lab until your teacher
has given you lab safety instructions and cautions
for each chemical. Wear eye and clothing
protection.

Procedure

Mass out 50 grams of magnesium sulfate,
MgSQ,. Place 100 ml of distilled water in a 250-mi
beaker. Dissolve the 50 grams of MgSO, in the water.
stirring as needed. (Some of the MgSO, may not
dissolve.) This solution will represent seawater. Answer
question 1.

Add 30 ml of 1M sodium hydroxide, NaOH, to the
beaker of seawater. CAUTION: Sodium hydroxide is
corrosive. Avoid skin contact. Rinse spills with plenty of
water. Answer question 2.

Carefully follow the instructions provided by your
instructor for using a centrifuge. Should a centrifuge
tube break, it can cause serious injury.

The centrifuge must be balanced when you are
using it. Add 8 ml of the solution just mixed to a cen-
trifuge tube. Label your tube for easy identification.
Place it in the centrifuge across from another student’s
tube or another tube filled with 8 ml of water for
balance.

Centrifuge the tube for at least two minutes. Allow
the centrifuge to stop slowly. Do not stop the spinning
head with your hand. Remove your tube and answer
guestions 3 to 6.

Questions

1. Describe the appearance of the seawater you
prepared.

2. Describe the seawater after the addition of the
sodium hydroxide.

3. What did you observe after the solution was in the
centrifuge?

4. Write a balanced equation for the reaction of
magnesium sulfate and sodium hydroxide.

5. The magnesium was concentrated from the
seawater by a technique known as precipitation. What
is the name of the precipitate?

6. How do you think the magnesium could be

separated from the hydroxide to yield pure
magnesium metal?

20
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ACTIVITY 6
Biogeochemical Zonation

Purpose

To illustrate the oxidizing agents at various depths
in the ocean.

Background

Oxidation-reduction reactions involve the loss or
gain of electrons from one atom, compound or ion to
another. Better known as redox reactions, they include
many naturally occurring reactions such as synthesis
and decomposition that are important in maintaining
life.

In photosynthesis, plants store chemical energy
converted from solar energy. Other organisms eat
plants to get this chemical energy. Chemically speak-
ing, plants store enerqy ir the bonds of the organic
molecules they produce. This energy is released when
the bonds are broken. This energy release, called
cellular respiration, involves (among other reactions)
the oxidation of carbon in organic molecules by an ox-
idizing agent.

In the mid-1970s, studies on respiration in marine
sediments revealed distinct layers of microorganism
communities. Each community uses a different oxidiz-
ing agent according to the efficiency with which it
breaks bonds arid its availability at different depths in
the sediment.

This sequence of community layers is called bio-
geochemical zonation. “Bio" indicates the presence of
living organisms that make the reaction go. The act of
resgiration involves chemical reactions; hence, the
"“chemical” part of the word. "Geo" refers to some
mineral formation that occurs as a byproduct of these
reactions.

In the top sediment layer, O, is the primary oxidiz-
ing agent. The use of different oxidizing agents at dif-
terent depths results in different products being
formed in each zone. This affects the chemistry of
neighboring layers and the sediments as a whole.

On a global scale, oceans cover about 75 per-
cent of the earth's surface, and sediments line a large
percentage of the oceans’ bottom. The chemistry of
sedments has a large influence on the fate of impor-
tant elements and related processes.

Materials

5 transparencies

1 large candy bar

1 small piece of candy
1 stick of chewing gum
1 small rock

tape

Procedure One

There are five sheets in this package that are in-
tended to be xeroxed onto overhead transparency
sheets. Transparency 1 is the base transparency. Tape
it to a cardboard frame on all four sides.

Tape each of the remaining transparencies, 2
through 5, to a different side of the frame. Put them in
a clockwise order.

Use only one overlay at a time. After the base
transparency is introduced, transparency 2 may be
folded onto it. When finished with 2, return it to its
original position and fold over 3. Continue this
procedure.

“
Transparencies on cardboard frame

transparency 1

cardboard frame

tape to all
four sides

Fold one transparency at a ime over base transparency.

C/13
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Transparency 1

This transparency provides a sectional view of the
earth's surface that shows three major regions: atmo-
sphere, water and sediment. These three regions have
clifferent properties (i.e. density, chemical composition,
opacity). Think about how these differences will affect
the movement of different sized objects, living and
nonliving. How are animals adapted to move through
each region? How would the properties of each region
affect a steel ball's vertical movement? How would
dissolved oxygen differ in each region?

Transparency 2

This transparency represents a schematic group-
ing of the major actors in photosynthesis and
decomposition.

Microorganisms are very small (several microns
in length) organisms that may found on land or in
water. There are many kinds. Some make their own
food; others decompose dead things.

Phytoplankton is derived from “phyto” meaning
plant. Plankton means wanderer. They are r icroscopic
piants that float or are suspended in the water. Phyto-
plankton are found near the water's surface because
they need sunlight for photosynthesis. They make their
own food.

Zooplankton is ¢orived from “zoo” meaning
animal. They are microscopic animals that float or are
suspended in the water. Zooplankion can exist in
deeper water because they do not photosynthesize.
They live where they can find food—other zooplankton
and sometimes dead organisms. They also eat
phytoplankton.

Larger organisms, such as fish, eat phyto-
plankton, zooplankton or each other. Fish inhahit a
greater range because they can move to find food.

Transparency 3

This transparency illustrates a very simple ocean
food chain. Zooplankton may consume phytoplankton,
microorganisms or other zooplankton. Fish may con-
sume phytoplankton, zooplankton or other fish. Marine
microorganisms may consume one another, other
dead organisms or small dissolved molecules. Micro-
organisms are a vital part of the decay process. They
reduce organic matter back to nitrates and phosphates.

Transparency 4

Waste products and dead organisms drift through
the water to the sediment. As they sink or collect :n

the sediment, they are consumed by other organisms
or decomposed by microorganisms. The matter that is
not eaten is buried in the sediments.

Transparency 5

This transparency illustrates various redox reac-
tions taking place in the water column ard sediments.
These reactions represent forms of respiration taking
place. The equations show generic reactants and
products. Many intermediate reactions are not shown.
It is not unusual for reactions to stop at some midpoint
rather than produce the completion products shown.
This could be due to slow reaction, presence of inhib-
itors or competing reactions for same reactants.

If oxygen is unavailable and NO3 ™ is available in
the nitrate reduction and oxidation zones, animals,
plants and organisms that use NO3~ will dominate
respiration. If NO3~ and SO42~ are both present,
NO3~ will still dominate because it is thermodynam-
ically more efficient. The transport of elements, ions
and compounds is important in making reactions hap-
pen in different zones.

Notice that the reactions shown are not balanced
and the number of organic molecules decreases with
depth. The organic molecule quantities tend to
decrease with depth because of continuous
decomposition.

Procedure Two

The following is a simple student activity. It will il-
lustrate how organisms use the oxidizing agents
available to them at the level of the ocean in which
they live.

Give the first student in a row in the classrom a
tray on which you have placed a large candy bar, a
smaller piece of candy, a stick of chewing gum and a
small rock.

Tell the first student to take any item on the tray.
Usually he or she will take the large candy ba”.

The next student in the row is told to take any of
the three items left on the tray. This student will likely
take the smaller piece of candy. The third student will
{ake the stick of gum, leaving the rock for the fourth
student.

Students clearly see that organisms use (take)
what is available to them. If several choices are avail-
able, organisms take the most desirable. Thus if
several oxidizing agents are available in a sediment
region, the most thermodynamically desirable one will
be used.
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CQuestions
Transparency 1

1. Namme at least three forces that transport objects in
each ¢f three regions:

(a) atmosphere
() water
(c) seciments

2 What force works in all three regions: aimasphere,
water and sediments?

3. If the element silicon comes primarily from rocks
found on land, how does it end up dissoived in the
ocean?

4. Trace the pathway of a silicon atom as it starts in the
sands of the Sahara Desert and ends up dissolved in
the eastern Atlantic Ocean.

Transparency 2

The ocean, on average, is 3800 meters deep; the
photosynthetic zone is 100 to 200 meters deep.

1. Why do you thirk phytoplankton live in the
photosynthetic layer of the ocean?

2. Why do you think zooplankton live in the photosyn-
thetic layer of the ocean?

Transparency 3

Living organisms affect the fate of certain
elements and compounds. Phytoplankton get their
carbon from CO, and convert it to food (organic
molecules) through photosynthesis.

1. Where do zooplankton get their carbon? How do
fish satisfy their carbon needs?

2. When a fish eats zooplankton, what happens to the
elements and compounds of the zooplankton?

D

Transparency 4

Elements and campounds are distributed
throughout the ocean by living organisms that eat or
tilter materials containing compounds and elements.
LUpon death and decay of the organism, these
chemicals are redistributed.

1. In what form doas carbon exist in living organisms?

2. How does a carbon atom go from a CO; gas
motecule in the atmosphere to; -

(@) be dissoived in the surface layer of the ocean?
(b) a solid state at the surface layer of the ocean?
{c) a colid at the bottom of the ocean?

Transparency 5

The redox reactions represent respiration modes
of decomposition.

1. In photosynthesis, organic molecules are made.
Notice that deeper in the ocean there s less organic
matter. How could you explain such a decrease?

2. Just because O is used as an oxidizing agent at
some depth, doesn't mean that other oxidizing agents
are not present. They may even be used, but their use
is not significant. What might take place if all the O, in
an area were used up?

3. What would happen to dead matter if all the oxidiz-
ing agents were removed or used up? (This takes
place when lots of organic matter is drained into a
lake or pond. Organisms eat the organic matter, using
up all the oxygen. Fist die becuuse they need oxy-
gen, resulting in more organic matter to eat and more
consumption of oxidizing agents.)

C/15
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Transparency 1

Somewhere in the ocean. ..
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Transparency 2

. . .live all kinds of organisms. ..
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Transparency 3

.it is lunchtime!
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Transparency 4

there’s death and decay. .
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Transparency 5

chemistry happens.

PHOTOSYNTHESIS
CO, + H,0 ENERGY ADDED, 7CeH12Ce + O2

FROM REACTICN

RESPIRATION
OXIDATION 7CeH1206 + O oot ooese CO, + H20
OXIDATION 6CeH 1206 + O —aepaenomie> COz + H0
OXIDATION 5CeH1206 + O —en aeacmoe> COz + H20
OXIDATION 4CeH1206 + O oSt 2282 CO, + H20
NITRATE-REDUCTION  3CgH1206 + NO3 »CO, +H20+ Ny
IRON REDUCTION 2C6H1206 + FeO(OH) »COp +H0 + Fe'*?
SULFATE REDUCTION CeH1206 + S04 »CO, +H,0+572
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Competency Factors/References

Competency Levels

Chemistry-Academic—

5.1 know how to write and use chemical formulas and
equations;

6.1 know the concept of oxidation-reduction.
Chemistry-Applied/Technical—(see above).

Physical Science-Academic—

3.4 know that chemical reactions occur when two or
more elements interact and form one or more new
substances; and

3.5 know the processes of oxidation and reduction.

Competency Measures

Chemistry-Academic—
51.1 relate chemical names and formulas;

5.1.2 write the reactants and products of a chemical
reaction in the form of an equation;

5.1.3 balance a chemical equation by inspection;

6.1.1 write the oxidation numbers for each element in a
compound; and

6.1.2 identify and write the oxidation-reduction half
reactions in a redox equation.
Chemistry-Applied/Technical—

51.1 relate chemical names and formulas;

51.2 write simple chemical reactions;

5.1.3 balance a simple chemical equation by
inspection;

6.1.1 write the oxidation numbers for each element in a
compound; and

6.1.2 identify oxidation-reduction equations.

Physical Science-Academic—
3.4.1 write chemical equations from word equations;

34.2 demonstrate knowledge of the law of conserva-
tion of mass by writing balanced equations; and

35.2 defiie chemical oxidation and reduction and il-
lustrate the process using simple equations.
Physical Science-Applied/Technical—

3.4.4 write simple chemical equations.

[3")
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Density Dynamics and Estuaries

Teacher Introduction

Estuaries are areas where river and ocean waters
meet. In North Carolina, this occurs in sounds. In
Pamlico Sound, ocean water moves through inlets to
mix with waters from the Neuse and Pamlico rivers.
The mouth of the Cape Fear River is also an estuary.
Estuaries are biologically rich because available
nutrients, marine grasses and fringing marshes pro-
vide food and shelter.

Chemically, the mixing of fresh and salt water is
interesting. Salt water is denser than fresh water, and a
density gradient occurs when the two waters meet.
Vertically mixed and slightly stratified patterns of mix-
ing are found in North Carolina's estuaries. Estuaries
provide students with a concrete example of the im-
portance of density and density gradients.

These activities are designed to give students
practical experience with density and its calculation.
Activities 1 through 3 are demonstrations that can be
used to introduce density and specific gravity. An in-
troduction to estuaries begins Activity 4. In this activity,
students calculate density and compare the calculated
values to known estuarine conditions. Activity 4 contin-
ues with biological examples of the effects of density
changes on organisms. Review and test questions
conclude this section.

f
[}

Notes to the Teacher

1. To begin your discussion nf density, students may
find a demonstration helpful. See Activities 1 through 3.

2. Students should do a few density problems before
beginning these activities.

3. A discussion of how the addition of salt to water in-
creases density would also be helpful be. e students
try these activities.

4. Students should use the co’rect number of signifi-
cant figures in their calculations. Otherwise small varia-
tions in density may be missed.

5. The four estuarine density patterns presented are to
be used as a comparison of density gradient possibil-
ities. Students should not be expected to know these
patterns, but they should be able to use them.

6. Figures 1 and 2 in Activity 4 can be used as over-
heads to help students with Activity 4 problems.

C/23
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ACTIVITY 1
Salinity Stratification

Purpose

To demonstrate the layering effect of solutions
that have different densities.

Equipment/Materials

3 100-mi graduated cylinders
sodium chloride

balance

stirring rod

food coloring

2 plastic squeeze bottles
four solutions:

Solution A (density = 1.148 g/ml): Combine 20 g

NaCl with enough water to make 100 mi of solution.

Solution B (density = 1.071 g/mi): Dilute 50 ml of
solution A to 100 ml.

Solution C (density = 1.034 g/ml): Dilute 50 mi of
solution B to 100 ml.

Solution D (density = 1.000 g/ml): Use 30 ml of
hot tap water.

Procedure

Use food coloring to make solution A yeliow,
solution B green, solution C red and solution D blue.
Use three drops of coloring in each solution.

Put solution B in a plastic bottle. Gently squeeze

approximately 30 ml of solut'*n B into the graduated
cylinder that already contains solution A. (Note: you
n:ay want to discard 20 ml of solution A before add-
ing B su that the final layers have nearly equal
volumes.) Let solution B trickle down the side of the
graduated cylinder as you add it to solution A to
minimize mixing of the two solutions.

In a similar manner, add approximately 30 ml of
solution C on top of solution B. Finally, add solution D
on top of solution C.

Questions

1. Why did the layers remain separated or stratified in
the graduated cylinder?

2. What would have happened if you had changed
the order of addition of the three solutions? Make a
prediction and test it.

3. What will happen if the combination of solutions is
stirred?

4. Estuaries are semi-enclosed coastal bodies of
water in which seawater is diluted by fresh water from
rivers. An estuary may contain water with different
densities. Estuaries are named based on the extent
of mixing of fresh and salt water. Name two ways in
which nature could aid in the mixing of water in
estuaries.
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ACTIVITY 2
Salinity Predictions

Purpose

To predict the density of water in relation to salini-
ty and to understand the layering in some estuaries
and in the ocean.

Materials

small aquarium

food coloring (blue)
stiff piece of cardboard
box of salt

water

Procedure

Mix a gallon of tap water with one cup of salt.
Have another gallon of water with no salt. Add enough
food coloring to the saltiess water to make it relatively
dark (about 10 drops).

Place the cardboard in the middle of the aquar-
ium. Make sure it fits tightly against the sides. At the
same time slowly add the salt water to one side and
the dyed water to the other. Let any water currents set-
tle before lifting the cardboard. Lift the cardboard 5 to
7 c¢m, and observe the movement of the colored (non-
salty) water near the bottom of the cardboard.

Lift the cardboard another 5 cm or so. Observe.
Continue to lift in stages and enjoy what is happening.
Once the cardboard is completely removed, notice
the layering.

This can also be done with a galion of cold water
and a gallon of hot water (colored) to illustrate a ther-
mocline in the ocean.

Questions

1. Which water is denser, the salt water or the fresh
water?

2. Discuss what happened with the two volurmes of
water in the aquarium.

3. In estuaries, where would you expect to find the
river water and where would you expect to find the
ocean water?

4. If you were an oceanographer and took ocean
samples from the surface to the bottom, where would
you find the saltiest water?

~ C/25
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ACTIVITY 3
Density and Buoyancy of the Ocean

Purpose

To demonstrate the difference between the den-
sities of liquids.

Equipment/Materials

double-pan balance

2 1-gallon glass containers

tap water

1 can of diet soda*

2 cans of regular soda*

salt water (20 g NaCIA00 mi water)

*All sodas should be the same brand.

Procedure

Place one diet soda and one regular soda in two
glass containers filled with tap water. The diet soda will
float and the regular soda will sink.

Float a can of regular soda in salt water and
anotner can of regilar soda in fresh water. Observe
what occurs.

Balance a double-pan balance. Put the regular
soda on one pan and the diet soda ¢ ‘he other.

Lead students in a discussion of v ifferent
water densities in estuaries and the dift.  ‘ces in the
densities and buoyancies of ocean and  ;h water.

Questions

1. How do you account for the difference in the den-
sities of diet and regular soda?

2. In which environment does a soda float higher, salt
water or fresh water?
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ACTIVITY 4
Estuarine Stratification and Animal Adaptations

Purpose When ocean water meets river water, the lower
density waters float over the heavier, denser water.
Estuaries are often defined by the type of water mixing
that occurs. This can vary from a highly stratified, or

To illustrate density through marine examples.

Background layered, estuary to one that is mixed and shows no
Estuaries are semi-enclosed coastal bodies of stratification. ,

water within which seawater is diluted by fresh water Estuarine scientists generally describe four types

from rivers. The density of fresh water is low (1.00). of mixing. _

Ocean water with dissolved salts has a greater mass Vertically Mixed Estuary: The fresh and salt

per volume and a greater density. Average seawater wate(s are completely mixed so there isa un.|fo.rm

density is 1.034. density from surface to bottom (Figure 1). This is

Figure 1 Water densities at various locations in different types of estuaries
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typical of shallow estuaries where winds keep the
waters churned. However, density increases as you
approach the ocean.

Slightly Stratified Estuary: The river water is
not completely mixed within the estuary. The river
water has a slightly stronger flow than the tidal ocean
flow.

Highly Stratified Estuary: This occurs when a
river empties directly into ocean, such as the Cape
Fear River estuary. The river water and ocean water
form separate layers. The density of the surtace layers
increases from nearly fresh at the head of the estuary
to almost that of seawater at the mouth. Testing the
water in one spot yields increasing density with depth.

Salt Wedge Estuary: The river water flows
strongly over the ocean water. Ocean water is wedged
against the bottom. This wedge moves in response to
tidal flow and the velocity of the river flow.

The four patterns may appear in one estuary over
time. Variations in mixir~ occur from changes in rain-
fall, wind direction anr. - =ed, and tidal cycle. For ex-
ample, a rainy spring could increase river flow and
produce estuaries with a salt wedge. Although most of
North Carolina's sounds are vertically mixed estuaries,
they may become stratified depending on the amount
of rain runoff.

Questions

Estuarine Stratification

Calculate the density of the water (using the cor-
rect number of significant figures) at depths of 0, 2.5,
50 and 75 feet for each estuarine site. Figure 2 shows
the two sites in the estuary where density data were
taken. Figure 1 shows water densities at various loca-
tions in the different types of estuarics.

To determine the type of estuary described in a
problem, superimpose Figure 2 over one of the
estuaries in Figure 1 and hold the two pages up to the
light. Roughly estimate the water densities for that
estuary at sites 1 and 2 at the four depths marked on
Figure 2. If the densities calculated in the problem
correlate to the densities estimated from the two
superimposed figures, you have identified the type of
estuary. If the calculated and estimated densities do
not match, repeat the superimpesing process with a
different estuary in Figure 1. Continue until you identify
the estuary.

O /28

Figure 2 Sites where density data taken in estuary

SITE1 SITE2

SURFACE

MOUTH OF ESTUARY

i
N

r25Hft pe5tt BOTTOM
L6501t F50 ft
Q 75 #t
Problem 1
Site 1
DEPTH MASS VOLUME DENSITY
0 ft. 25150 g 2500 ml
25 ft. 35210 g 3500 ml
50 ft. 16090 g 1500 ml
75 ft. 45270 g 4500 ml
Site 2
DEPTH MASS VOLUME DENSITY
0ft. 10160 g 10.00 ml —_—
25 ft. 40640 g 40.00 ml —_—
50 ft. 30480 g 3000 mi
75 ft. 45720 g 4500 ml
Thisis a estuary.
Problem 2
Site 1
DEPTH MASS VOLUME DENSITY
0 ft. 20020 g 20.00 mi
25 ft. 22044 g 22.00 ml
50 ft. 30120 g 3000 ml
75 ft. 33198 g 3300 ml
30
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Problem 2 (continued)

Site 2
DEPTH MASS VOLUME DENSITY
0 ft. 40.081 g 40.00 ml
2.5 . 30.120 g 30.00 ml
5.0 f. 35.525 g 35.00 mi
7.5 ft. 38.336 g 38.00 ml -
Thisis a estuary.
Problem 3

Specific gravity of the estuarine water was
measured at sites 1 and 2. (Specific gravity of a liquid
is the ratio of the density of the liquid to the density of
water,)

Site 1
DEPTH SPECIFIC GRAVITY DENSITY
0 ft. 1003
25t 1008
50 ft. 1022
75 ft. 1024
Site 2
DEPTH SPECIFIC GRAVITY DENSITY
0 ft. 1010
25 ft. 1013
50 ft. 1.022 -_—
75 ft. 1024
“hisis a estuary.

Animal Adaptations
Problem 4

Many fish produce eggs of a specific density. This
density affects the placement of the egg and thus
larvae in the ocean or estuary. The eggs from different
fish are collected and their densities are computed.
The density of one set of eggs is 1.017. The eggs are
released in a salt wedge estuary in the location in-
dicated on Figure 3.

1. Where would the eggs be located after 1 hour?
2 days?

2. Why would the eggs be located in this region?
3. Are the egys that are similar inn density to the

estuarine waters likely to move up the estuary into the
river? Why?

Figure 3 Site of egg release in salt wedge estuary

SITE OF RELEASE
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Problem 5

Metridium is a common marine anemone. It is
found in areas where the density of seawater is a con-
stant value A.

In these areas with a density of A, the anemone is
fully extended (as seen at 0 and 12 hours in Figure 4).
An experiment to determine the effects of changing
density on the Metridium obtained the results shown
in Figure 4.

1. Determine the density of seawater at A and B.

SITE MASS VOLUME DENSITY
A 28784 g 2800 mi
B 31279 g 31.00 ml

Label Figure 4 with these densities.

2. Describe the behavior of the Metridium as the den-
sity of seawater changes.

Figure 4 Change in Metridium size over time

o
.
)

O
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Problem G

The barnacle, Balanus balanoides, is adapted to
seawater with a density 1.028. Experiments were per-
formed on the effects of density changes on the
release of larvae by the barnacle. Figure 5 shows the
results of experiments in which the number of larvae
released were counted as density changed over time.

1. At what density does peak larval release occur?

2. At what density does the minimum l. val release
oceur?

3. How does changing the density appear to affect
larval release?

e

Figure 5 Barnacle larvae released over time
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Test Questions

1. The greenhouse effect predicts that as we continue
to burn fossil fuels, the amount of carbon dioxide in the
atmosphere will increase, resulting in the atmosphere
absorbing more heat and increasing the overall tem-
perature on earth. This increase in temperature will
bring about the melting of glaciers, providing more
fresh water to the oceans. How will this affect the den-
sity of the ocean? How will this affect the density of
estuaries?

2. The Northern Hemisphere has more land mass and
less ocean than the Southern Hemisphere. If the
Northern and Southern hemispheres receive the same
amount of rainfall, will the ocean derisities be the
same for these two areas? If they differ, how? (Do not
consider runoff from the land.)

3. The hermit crab, Pagurus, is not adapted for living
in an estuarine environment. Figure 6 shows the crab's
behavior when exposed to estuarine water. Describe

the behavior seen. What might the behavior of the
crabs be if placed in higher density salt water?

4. A scientist working on a research project in Bogue
Sound measures water density at four depths (0 m,
2m, 4 m, bottom). On the boat ride home, he mixes up
the samples. When he returns to the iab, he processes
the samples. He gets the following measurements:

MASS  VOLUME DENSITY DEPTH
A 50150g 5000 ml
B 35910g 3500 ml
C  41820g 4100 ml
D  48432g 4800 mi

Calculate the densities for the five samples.

9. Based on your knowledge of density, list the correct
depth for each sample in the table above. Using
Figures 1 and 2 for site 1, what type of estuary is this?

“—m
Figure 6 Hermit crab behavior as density charjes during tidal cycle
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Competency Factors/References

Competency Indicators

Chemistry-academic/applied and technical—
1.2 know the properties of matter and energy.

Competency Measures

Chemistry-academic—

1.2.2 explain the concepts of density and specific
gravity after performing density experiments.

Chemistry-applied/technical—

1.2.2 describe samples of matter in terms of mass,
volume, density and physical state.
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pH, Equilibrium and Ocean Buffering

Introduction

Discussion of acics, bases, pH and buffering can
include consideration of the equilibrium between
dissolved inorganic carbon species:

COz (g) —* CO; (aq)

COz(aq) + H20(1) - H.CO4(aq)
H2COs(aq) =~ HCO3 ™ (aq) + H* (aq)
HCO; ™ (aq) = CO32"(aq) + H* (aq)

These equations provide a good illustration of
acids, pH and butfering. The inorganic carbon spe-
cies constitutes an important mechanism for buffering
the pH of the ocean. Understanding the behavior of
inorganic carbon in the ocean is important. It plays a
role in the dissolution or preservation of the carbonate
hard parts of many marine organisms that ultimately
become limestone or other carbonate minerals. Re-
cent attention to inorganic carbon in the ocean is
related to the greenhouse effect. Scientists want to
know how *he increase in atmospheric CO, concen-
trations (from burning fossil fuels) affects oceanic pH
Qr vice versa,

Oceans represent one of the most visible features
on our pianet. Covering approximately 71 percent of
the earth's surface area, the oceans play an important
role in the distribution of elements on the earth. Many
reactions and processes that invoive these elements
take place in the oceans. Table 1 presents a brief
description of the oceans’ features.

Table 1.
General Features of the Oceans

The average ocean d~pth is approximately 3800
meters (12,200 feet or 2.3 miles).

The deepest point is about 11,000 meters below sea
level (the Philippine Trench and Marianas Trench in the
Pacific).

The volume of all the oceans is approximately 317
million cubic miles or 1.33 billion cubic kilometers.

The average ocean temperature is 38.3°F (35°C).
Temperatures range from 32°F (0°C) or less in the
polar regions to 98.6°F (37°C) in the Persian Gulf.

Only about 0.33 percent of all the earth's water is fresh
water for drinking and irrigation.

Tabie 2 lists the most abundant elements in sea-
water. Given the range in depths (that result in a range
of pressure conditions) and temperatures, the quan-
tities and types of elements present and its large sur-
face area, it is not surprising that chemical processes
occurring in the ocean have a significant influence
upon living conditions on our planet.

Table 2.
Major Elements in Seawater

Element metric tons/cubic kilometer
chlorine (CI™) 19,600,000
sodium (Na*) 10,900,000
magnesium (Mg2*) 1,400,000
sulfur (827, S0427) 920,000
calcium (Ca2*) 420,000
potassium (K *) 390,000
bromine (Br~) 67000
carbon (HCO3~,CO427) 29000
strontium (Sr2*) 8300

Carbon, an important element to all living things,
interacts in major processes that affect living condi-
tions and the oceans' chemistry. The ocean is a
natural, complex example of how acids and bases in-
teract and of how certain compounds behave to buffer
the pH level of the ocean. The main agents involved in
these processes are carbon dioxide (CQy), carbonic
acid (H2CO3), bicarbonate ions (HCO3 ) and car-
bonate ions (CO32~). The main reactions involving
these compounds and ions are depicted in Figure 1a
below.

Figure 1a Carbon cycle
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Figure 1b Inorganic carbon compound reactions in
seawater

(1) COz(g) > COz(aq)

(2a) CO(aq) + H20() > H,COs(aq)

(2b) Ha () + H2CO5(aq) ~ HCO3 ~(aq) + HsO * (aq)

(2) CUz(aq) +2H20() = HCO5™ (aq) + HaO " (ay)
(sum of 2a and 2b)

(3) HCO3 ™ (ag) + H20(l) - > CO42 ™ (aq) + HaO * (aq)
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ACTIVITY 1

Acids and Bases in the Ocean

Purpose

To identify cids and bases in the ocean environ-
ment and to interpret acid/base equations.

Questions

Identifying acids and bases (use equations in
Figure 1b)

1. Which chemizal equation(s) contains a Bronsted-
Lowry acid? A Bronsted-Lowry base?

2. |dentity the Bronsted-Lowry acid(s) and base(s) in
each equation listed in answer 1 above.

3. Which of the following is an Arrhenius acid?
(@) HCO3~ (b) CO42~ (c) CO;

4. Why did you select your answer to number 3?

Identifying conjugate acids and bases

5. What are the conjugate acid-base pairs in each
chemical equation you lisied in number 1 above?

6. Which of the following represents a conjugate acid-
hase pair in chemical equation 3?

(@) CO42~ and H,Q (b) HCO;~ and CO42-
(c) H.0 and HCO;~ (d) CO42~ and H3O*

Q)

Identifying the symbols in the chemical equations
7. What does H,O(l) symbolize?

8. How is COx(g) different from CO,(aq)?

Translating the symbolism of chemical equations

You have learned the meaning of the components
of the chemical equation and certain acid-base ex-
pressions and how to identify them. Now test your
understanding of what is represented or symbolized
by a chemical equation as a whole.

9. What is happening to CO; in Figure 1b?

10. What is happening to the other compounds in
Figure 1b?

11. What is H3O* called?

12. Is bicarbonate ion (HCO; ) a Bronsted-Lowry
acid, base, both or neither? Explain why, and include
definition(s) of a Bronsted-Lowry acid and a Bronsted-
Lowry base in your answer.

13. What are the reactants of equation 3 in Figure 1b
as it is written? The products?

C/35
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ACTIVITY 2

Inorganic Carbon Compound Reactions
and Their Equilibrium Constants

Purpose

To identify the products and reactants in chemical
equations, construct equilibrium conetant expressions
for given reactions, use tables to determire the value
for equilibrium constants of inorganic carbon reac-
tions, and calculate the concentrations of a product or
reactant in a reaction. Students will use the equilibrium
constant expressions and their values as determined
from the given tables and other concentrations.

Backgrounl

For a given temperature and pressure, there is a
definite relationship between the concentrations of the
reactants and the products in a reaction when equilib-
rium is reached. This relationship is expressed by the
equilibrium constant, represented by the letter K.
Hence for the general reaction:

(1) aA+bB=cC +dD

where A and B are reactants and C and D are prod-
ucts, the equilibrium constant expression is:
@) K = [Cle{Dle
(Ala[B]o
Students need to be reminded that pure liquids

and solids are omitted from the right side of an
equilibrium expression.

Questions

1. For reactions involving inorganic carbon com-
pounds, fill in the blanks.

COx(g) =~ COx(aq)

Equilibrium Constant
Reactants Products Expression

Ki =

CO4(aq) + 2H,0()) = HCO;3 ™ (aq) + H3O* (aq)

Equilibrium Constant
Reactants Products Exp.ession

Ko =

HCO; " (aq) + H20() = CO32~(aq) + H3a0 * (aq)

Eguilibrium Constant
Reactants Products Expression

Ka =

Q

Tables 3 and 4 provide values for Kz and Ka, respec-
tively, under different conditions of chlorinity and
temperature. Chiorinity is @ measure of the amount of
salt dissolved in water. It is measured in parts per
thousand, symbolized by %.. (Similarly, percentages,
which are parts per hundred, are represented by %).

Table 3.
Values for K, ' at Different Cl %,
and Ter/.peratures®(C)

Cl %o 0 5 10 15 20 25 30 35

0 263 301 338 380 416 4.46 467 488
1 338 380 426 467 512 549 575 588
4 436 478 524 575 6.16 660 691 707
9 537 588 645 707 741 794 831 851
16 660 724 776 851 891 933 977 102
17 676 741 794 870 912 954 100 105
18 691 758 812 870 933 977 102 107
19 707 776 831 891 954 100 105 107
20 724 794 851 912 977 102 107 110
21 741 812 870 933 100 105 110 112
25 812 8981 954 100 107 112 117 120
49 120 132 138 145 151 158 166 170

*These values should be multiplied by 1x 1077,

Table 4.
Values for K; at Different Cl %, and
Temperatures°(C)

Cl %0 0 5 10 15 20 25 30 35

0 240 282 324 372 417 468 513 562
1 871 102 117 135 155 174 195 .562
2 166 191 214 245 288 324 372 417
9 229 263 302 347 398 457 537 617
16 347 398 447 513 589 676 794 955
17 363 4.17 479 537 617 708 832 100
18 380 437 501 562 646 759 871 105
19 398 457 525 589 676 794 955 112
20 417 479 550 617 708 832 9877 120
21 437 501 562 6.46 741 871 105 129
25 513 589 676 7.76 891 105 123 151
49 112 129 151 178 209 245 295 372

*These values should be muttiplied by 1 x 10710,

13
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2. Using Tables 3 and 4, find the expected values of 3. You collected samples of ocean water at different
Kz and Kj for the following oceanic conditions and fill depths while on the research submarine Alvin (the
in the blanks below. vessel that explored the Titanic in 1986). You mea-

sured Cl 9%, and temperatures from the submarine;
Oceanic Conditions Kz Ks lab technicians measured [HCO;3 "), [CO42~] and
Cl%0=17 %0, T= 6°C ___ = __ [H30*] from the Atlantic /I, which transports Alvin to its
Cl %o =49 %o, T=35°C dive sites. The technicians made several mistakes, so
Cl %o =21 %o, T=20°C some of their data was not used. The collected data is

represented in Table 5. Fill in the blanks.
You are ready to use the equilibrium constant expres-
sions and the equilibrium constant values from Tables

3 and 4.
Table 5.
Cruise Data
ia *b h1 Q2 *3 h4
dpth(m) Cl %y T(°C) K, Ks HCO37) [COs27] [Hi0*] [COZ]
0 21 30 2.04 3.98 398 ___
10 20 25 - 3.40 - 5.01 1.67
200 18 20 572 5.86 6.31
300 17 20 8.51 5.25 100 __
400 16 10 13.5 21.6
500 16 10 13.3
750 16 10 14.0 6.53 12.6
1000 16 5 36.0 7.16 20.0
*1 Values are to be multiplied by 1 x 108 *4 Values are to be multiplied by 1x 108
*2 Values are to be multiplied by 1 x 107 *a Values are to be multiplied by 1 x 10~7
*3 Values are to be multiplied by 1 x 10~ *b Values are to be multiplied by 1 x 1010
o C/37
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ACTIVITY 3
What is the pH?

Purpose

To work pH problems and to determine the pH of
various agueous solutions.

Background
The pH concept originated in 1909 with a Danish

biochemist named Sorensen. The “p" in pH comes
trom “potenz,” a German word for power. The “H"
stands for hydrogen ions. The pH is a measure of the
concentration of hydrogen (hydronium) ions in an
aqueous solution. The formula, pH = —log [H*]. is
used to calculate pH.

The pH scale, wh'  generally ranges from O to
14, is used to indicat. e acidity or basicity of a dilute
(1 molar or less) water solution. Acidic solutions have a
pH less than 7. Basic solutions have a pH greater than
7 and neutral solutions, a pH equal to 7. Citrus juices
are acidic: pure water, neutral; and seawater, basic
(Table 6).

The concentration of hydronium ion (HzO*) in
aqueous solutions, often referred to as a hydrated pro-
ton, is important. These ions react with and affect
many other elements, compounds and/or ions. The
measure of [HsO *] is so important that scientists have
selected a convenient way to express it—pH. The pH
is related to [H3O *] by the following expression:

(1) pH = ~log [H30"]
The pH of pure water is 7 ((H3O*]=1x 1077 M).

Table 6.

The pH of Some Common Substances
Substance pH
hydrochloric adic, HCI (0.1 M) 10
digestive juices in the stomach 20
lemon juice 23
vinegar 28
acetic acid, HC2H30, (0.1 M) 29
carbonated drinks 30
grapefruit juice 31
orange juice 35
tomato juice 4.2
rainwater 6.2
milk 65
pure water 70
blood 74
seawater 81-83
sodium bicarbonate, NaHCOj3 (01 M) 84
milk of magnesia 111
ammonia water, NHsOH (01 M) 1.1
sodium hydroxide, NaOH (0.1 M) 130

1. Using equation 1, calculate pH it:
a.[H30*)=10x10"4

b. [H3O*]=10x10"1

c. [Hs0*]=10x10"7."

d. [HsO*]=10x10"1.6

e [H30*}=356x 1075
f.[H30*]=291x10"8

2. Using equation 1, calculate [H30*] if:
a.pH=5

b. pH =1

c.pH=36

d.pH=93

e.pH =746

f.pH=138

45



CHEMISTRY/PART 3
I

Equipment/Materials

stirring rod

drinking straw

wire

gauze

Bunsen burner

rng stand

2rings

small test tube

100-ml beaker

two vials of pH paper*
one with even-numbered chart on the label
one with odd-numbered chart on the {abel

1 M lead (Il) nitrate

1 M hydrochloric acid

08 M sodium bicarbonate

1 M acetic acid

0.1 M sodium carbonate

vinegar

shampoo

lemon juice

seawater**

household solutions

* The pH paper is identical in both vials. With two vials you waill
have access to both the even- and odd-numbered pH charts.

*“Seawater (from the Pacific, Aliantic and the Guif of Mexico) can
be purchased. Seawater can also be simulated. There are two
methods of achieving a solution with a pH near that of seawater
(85). Prepare a 1.0 M solution of sodium bicarbonate (pH = 8.4). Or
purchase powdered butfer formulations with a specific pH conven
ienlly packaged in capsules. Dissoive the powder in distilled water,
The seawater could be used to introduce the lab and show the cor-
rect use of pH paper This would especially be desirable if you have
to purchase seawater.

CAUTION: Do not begin thig lab uvntil your
teacher has given you lal instructions and cau-
tions for each chemical. Wear eye and clothing
protection.

Procedure

When using pH paper to determine the pH of a
solution, put one or two drops of the solution on the
paper. This is easily done if the solutions are in drop-
per bottles. If they are not, dip a clean stirring rod in
the solution to be tested and touch the rod to the pH
paper. In either case, immediately compare the moist-
ened pH paper to the odd- and even-numbered charts
on the pH vials. Use a separate piece of pH paper for
each solution. Discard the paper after use.

Step 1. The teacher will provide a list of solutions.
Use pH paper to determine the pH of each of these

solutions. Record the resulits in a data table.
Remember that a data table must have a number and
a title.

Step 2. Determine the pH of tap water and dis-
tilled water. Record this data in your data table.

Carbon dioxide can enter the ocean from the at-
mosphere. Water can hold higher concentrations of
carbon dioxide than air, volume for volume. Dissolved
carbon dioxide affects the pH of seawater. The saltier
and colder the water, the more carbon dioxide it can
dissolve.

Step 3. Put approximately 25 mi of distilled water
(room temperature or colder) in a 100-ml bez, .
Make sure the beaker is clean. Use a drinking straw to
blow into the water for two minutes. Determine the pH
of this water. Record it in vour data table. (Instead of
distilled water, students could use simulated seawater.)

Step 4. Set up the ring stand and rings so that
heating can be done. One ring is to support the wire
gauze and the other ring is situated so that it sur-
rounds the beaker to prevent tipping. Gently boil the
25 mi of water from the step above for two minutes.
Determine the pH of the boiled water. Record it in
your data table. Do not let the water cool before taking
the pH. Remember that the rings, beaker and water
are very hot. Be careful.

Step 5. Determine the pH of the following sclu-
tions: lead (II) nitrate, vinegar, sodium carbonate,
sodium bicarbonate, 1 M acetic acid, 1 M hydrochloric
acid, shampoo, lemon juice and seawater. Record the
results in your data table.

Step 6. In a small clean test tube, combine two
drops of baking soda (sodium bicarbonate) and two
drops of vinegar. Use data you have already collected
to predict the pH of this combination of solutions.
Write your prediction in the data table.

Step 7. Use a clean stirring rod to determine the
actual pH of the combination of solutions above.
Record this in your data tab:e.

Questions

1. In step 3, what gas did you put into the water that
could affect its pH?

2. In step 4, what gas (besides oxygen) was given off
during the boiling process?

3. Mention one way that carbon dioxide enters the
ocean.

4. Write the balanced equation for the reaction be-
tween carbon dioxide and water,
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5. Why are the pHs different in steps 3 and 47

6. What reasoning did you use to make a prediction in
step 67

7. Did your prediction in step 6 match the actual pH
measured in step 77

8. An acid reacts with a base to produce a
and water. This reaction is called

9. What acid and base should be reacted to produce
the salt, fead (II) nitrate?

10. What acid and base should be reacted to produce
the salt, sodium carbonate?

11. Judging from the name of an acid-base reaction
you would expect a salt solution to be neutral and
have a pH of . However, not all salt solutions
are neutral.

12. The ions of some salts undergo hydrolysis, and
thus their water solutions are not neutral. Define
hydrolysis.

13. What was the pH of the lead (II) nitrate solution?
Does lead (II) nitrate hydrolyze?

14. What was the pH of the sodium carbonate solu-
tion? Does sodium carbonate hydrolyze?

15. Acetic acid is a (weak, strong) acid/electrolyte and
does not completely ionize in water solution.

16. Hydrochloric acid is a (weak, strong) acid/elec-
trolyte and ionizes 100 percent in water solution.

17. What was the pH of the 1 M acetic acid solution?

18. What was the pH of the 1 M hydrochloric acid?

19. Explain why acetic acid and hydrochloric acid
have different pHs even though they are both 1 molar
solutions.

20. Sodium bicarbonate (baking soda) forms a(n)
(acidic, basic) solution.

21. Medicinally, how is a sodium bicarbonate solution
used?

22. Hair can be damaged by combing or brushing
immediately after it is washed. Wet hair is strongest
and least vulnerable if it has a pH range of 40 to 50.
Would the shampoo tested in this experiment be a
good one to use to give your hair maximum wet
strength?

23. If a shampoo has a pH that is too high, which
household items from the list below could be used as
a rinse after shampooing to reduce the pH nearer the
acceptable level? You may choose more than one
item.

Vinegar
Lemon juice
Sodium bicarbonate solution (baking soda)

24. Vinegar is used to preserve foods such as pickles
because the (acidic, basic) nature of the vinegar in-
hibits the decomposition of tissues. Some lakes are as
acidic as vinegar because of pollution and acid rain.
Plants and animals have difficulty surviving in this type
of environment,

25. What is the pH of seawater?

26. Use your answer above to explain why acid rain
cloes not appreciably affect the ocean and its life
forms.

27 The ocean is a buffer solution relative to acids
because it has a large carbon dioxide content.
Define buffer.
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Competency Factors/References
Competency Indicators
Chemistry-academic—
73 know chysical characteristics and chemical proper-
ties of solutions of acids, bases and salts; and
76 have a knowledge of acid-base equilibria and pH.
Chemistry-applied technical—
73 know physical characteristics and chemical proper-
ties of solutions.
Chemistry—
7.6 know about acids, bases and pH.
Competency Measures
Chemistry-academic—
73.2 determine experimentally the pH, the effect on lit-
mus paper and other physical characteristics of acids,
bases and sals;
7.3.3 explain the characteristics of solutions of acids,
bases and salts in terms of interaction with water;
76.1 develop an understanding of pH and pOH as
logarithmic expressions of concentrations of H3O *
and OH " ions; and
76.2 calculate the pH of an acidic or basic solution
given its concentration.
Chemistry-applied/technical—
731 (see 73.2 above);
73.2 (see 733 above);
76.1 draw a diagram of pH and pOH scales and give
examples of everyday materials in the corresponding
ranges; and ’
76.2 determine the pH of an acidic or basic solution
given a pH meter or test kit.
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Behavior of Gases in the Marine Environment

Introduction

Many students are familiar with the feeling of
changing presstire against their ears when they dive
into a pool. Some students are learning about pressure
changes through scuba diving, an increasingly
popular hobby. An understanding of the pressure
changes are important for safety and a better
understanding of pressure and volume interactions.

In addition, pressure problems have limited our
exploration of the deep sea. Recently scientists have
developed underwater stations, such as Hydrolab, and
submersibles, such as Alvin, that allow researchers to
work at greater depths for longer periods of time.

This section is designed to explain the gas laws
through a practical example—scuba diving. Beginning
with a discussion of pressure and its effects on the
body may be helpful to students.

4

(

Notes to Teachers

1. All answers are based on using the correct number
of significant digits for the final answer.

2. In Activity 3, you will notice that the percentage of
gases making up air and the air in tanks is different.
Air is 78 percent nitrogen, 21 percent oxygen, 0.03
percent carbon dioxide and small amounts of other
gases. To make the problems easier, oxygen and
nitrogen are assumed to be the only gases of impor-
tance in air and in dive tanks. All of the problems are
based cn using 21 percent oxygen and 79 percent
nitrogen. (Nitrogen has increased by one percent over
the normal percentage found in air. Nitrogen has in-
corporated the one percen: occupied by the other
gases.)
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ACTIVITY 1
Seawater and Pressure

Purpose

To understand that with increasing water depth,
there is increasing water pressure.

Background

As a scuba diver descends into deeper water, he
feels the increased pressure. The water pressure
pushes against the ear drums until the diver's ear
equalizes or builds up the pressure inside equal to the
external pressure. You experience the opposite effect
when you drive up a mountain and have less pressure
outside your ears.

Equipment/Materials

1 gallon milk carton
water
a nail or pick

Procedure

Look at the milk carton. If it were filled with water,
where would you predict the greatest pressure would
be? Near the top or bottom?

To test the hypothesis, punch three small holes in
the sides of the carton—one near the bottom, middle
and top. Put tape over the holes, and fill the carton
with water. Remove the tape. What happens to the
water? Try to measure the distance the water is pushed
from the carton.

On a graph, plot the distance the pressure pushes
the water stream versus the position of the hole from
the bottom.

Questions

1. Why isn't the water pushed out at the same
distance from all three holes?

2. What do you predict would happen to water com-
ing out the bottom hole if you had a taller carton with
more water?

3. What would happen to water coming out the bot-
tom hole if you had a larger carton at the same
height?

4. How does the distance the water streams out
change as the water drains out of the container?
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ACTIVITY 2
The Cartesian Diver

Purpose

To investigate how salinity and pressure affect
density and how this affects objects floating in water.

Equipment/Materials

*2 plastic two-liter soda containers, 2 large test tubes
(30 x 3.5 cm), 2 graduated cylinders (100 ml or
larger) or 2 glass jars

2 identical medicine droppers (Cartesian Divers)

salt

teaspoon

plast:c funnel

*It large test tubes, graduated cylinders or jars are
used, two pieces of thin rubber (ballons) and two rub-
ber bands are needed.

Procedure

Fill each of the selected containers aimost full of
water. Use the plastic funnel to add 4 to 8 teaspoons
of salt to one of the containers. (Larger amounts of salt
should be added to the larger containers.) Shake the
container to help the sa't disso've.

Suspend a medicine dropper vertically in each of
the containers. They can be suspended with a few
drops of water in them.

If you are using the two-liter botties, screw the
caps on. If you are usingy any of the other containers,

stretch a rubber ballon over the mouth of each con-
tainer and secure it with a rubber band.

Press the sides of the two-liter bottle containing
the fresh water. In the case of the other containers,
press down on the rubber cover What happens to the
dropper?

Release the pressure on the bottle or rubber
cover. What happens to the dropper?

What happens to the amount of water in the drop-
perftest tube as it submerges?

Now press on the sides or rubber cover of the
saltwater container. Does the medicine dropper
behave differently in the salty water?

Questions

1. Does the Cartesian Diver .ubmerge easier in fresh
or salt water?

2. Does the Cartesian Diver rise to the surface faster in
fresh or salt water?

3. What makes the Cartesian Diver dive?

4. Why does the Cartesian Diver rise back to the sur-
face of the water?

5. Discuss the relationship among density, salinity and
pressure.
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ACTIVITY 3

Scuba Diving and the Gas Laws

Purpose

To introduce the gas laws in the context of scuba
diving.

Background

People can explore the marine world by using a
mask, snorkel and fins and holding their breath. Or
they can prolong their exploration with the use of
scuba (self-contained underwater breathing appa-
ratus) equipment.

The self-contained breathing apparatus consists
of a tank filled with compressed air, a regulator with a
mouthpiece and a BCD (Buoyancy Control Device)
(Figure 1).

S

Figure 1 Self-contained breathing apparatus

BCD

¥4

mouthpiece

regulator

A regulator reduces the high pressure of the air in
a scuba tank to a usable ievel and delivers air when
needed by the diver. A BCD is mandatory equipment
for all diving. It is an inflatable sack that increases
buoyancy. It is used to provide surface support to rest,
swim and maintain neutral buoyancy under water.

Other types of diving equipment are available but
are less accessible to the gerieral public.

Scuba diving has become a popular hobby for
many people. It offers a wealth of information o1 div-
ing physiology and the effects of gas exchange.

introduction to Gas Laws
Boyle’s Law

Boyle's law states that at a constant temperature,
the volume of a gas will vary inversely with pressure,
while the density of the gas varies directly with the
pressure.

This means that as the pressure on a volume of
gas doubles the gas is compressed to one-half its
volume (see Figure 2). If the pressure triples then the
volume is compressed to equal one-third of its original
volume.

Figure 2 Boyle's law

Pressure Volume Density Lungs of a diver
Depth onlungs  of air of air  holding breath

Ofeet 10atm 40liters 1 kgl

£
@
&
o

33feet 20atm 20liters 2 kgh
66feet 30atm  4/3liters 3 kg
99 feet 40atm  10lter 4 kg

(4/4)
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One of the first effects a diver feels is increasing
pressure. As he descends, the pressure around him
increases by 1 atmosphere for every 33 feet of de-
scent in salt water (34 feet in fresh water) (Figure 2).
The increasing pressure is not felt by bone and solid
tissue but by air spaces (ears, lungs and sinuses)
(Figure 3).

Figure 3 Air spaces in the body

sinuses

fungs

stomach

intestines

When a diver descends, the increase in pressure
reduces the size of his air spaces (Figure 2) and com-
presses the air inside. A diver who holds his breath
feels the increase in pressure (decrease in volume) as
a squeezing in his lungs, sinuses and ears (Figure 4).
As the pressure increases, the squeezing increases
and becomes uncomfortable. Eventually the diver will
stop his descent.

To relieve the pressure on the lungs, a diver
breathes compressed air at a regular frequency. To
relieve the pressure on ears and sinuses, a diver

blocks his nose and attempts tn exhale through it with
his mouth ciosed. This forces air into the air spaces in-
side the ears and sinuses and relieves the squeeze.
This technique is known as equalizing.

The process of equalizing returns the air spaces
to their normal volume by equalizing the external
water pressure and the pressure in the air spaces. As
long as a diver breathes compressed air and equalizes
the pressure in the air spaces, he will not feel the
squeezing as he descends.

Figure 4 Technique to relieve pressure on the ear drum

sinuses

nasal cavity middle ear

A diver ascending experiences the opposite
pressure-volume relationship. The pressure decreases
and the volume increases. A diver r.ot breathing on
ascent will feel his lungs expand (igure 5). A diver's
lungs can only expand 15 to 30 percent of their orig-
inal volume without bursting. Therefore, ascending
without breathing may result in lung tissue bursting
(Figure 5).
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Figure 5 Lungs of ascending scuba diver

ascending scuba diver

ascending scuba diver
breathing constantly

surface holding breath
33 feet b q

/Q B
66 feet O
a9 feet

A smart diver breathes on ascent. Breathing
results in equalizing the pressure inside the lungs and
air spaces with the outside pressure so that the normal
lung and air space volume is maintained (Figure 5).

As the pressure increases, the density of the gas
increases directly. This means that if the pressure on a
gas doubles, the density doubles. As the pressure of
the gas increases, remember the volume decreases.
This decrease in volume results in the gas molecules
occupying a smaller space. This decrease in space
occupied by a set number of gas molecules means
that the density increases. An increase in the density
of air makes it more difficult to breathe at deeper
depths than at the surface.

Charles’ Law

Charles law states that if the pressure is kept con-
stant, the volume of a gas will vary directly with
temperature.

This means that as the temperature of a gas in-
creases, the volume of space it occupies increases.
This phenomenon is seen in a diver's compressed air
tank. Filling the tank warms the air and causes it to
cgccupy a greater volume. Under water, the cooler
©

temperatures decrease the temperature of the gas in
the tank and the gas decreases in volume.
Consequently, the tank will not have as much air
in it as expected. This will shorten the dive time. To
avoid this problem, dive shops place the tanks in cool
water during filling so maximum air volume is achieved.

Dalton's Law

Dalton's law states that the total pressure exerted
by a mixture of gases is equal to the sum of the
pressures of each of the different gases making up
the mixture—each gas acting as if it alone was pres-
ent and occupied the total volume.

This law is illustrated in Figure 6, which shows air
tanks filled under three different conditions.

Condition A

The tank contains only oxygen molecules at a low
pressure. [ the total pressure of the gas is 160 mm of
Hg (mercury) and oxygen makes up 100 percent of
the gas, what is the partial pressure of oxygen?
(answer: 160 mm)

A diver's compressed air tank is never filled with
pure oxygen because it is toxic. When using pure oxy-
gen, the blood's hemoglobin becomes saturated with

|l |
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Figure 6 Dalton's law

condition A condition B condition C
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total pressure total pressure total pressure

oxygen. This saturation turns off the reflexes control-
ling carbon dioxide exhalation and allows it to build up
in the bedy. This results in nausea, vomiting, dizziness,
tunnel vision, blackouts & 4 grand mal seizures.

Condition B

Nitrogen has been added to the tank so that the
total pressure, Pr, is 760 mm Hg (1 atm). No oxygen
has escaped so the Po, is unchanged. What is the;
PNQ?

P = Poz + Pno
760 mm = 160 mm + Pny
Png = 600 mm

What percentage of the total pressure is contributed
by 02? Ng’?

%0, = Pog / P
= (160 mm/760 mm) x 100
=21% O

%Ny = Png/Prya
= (600 mm/760 mim) x 100
= 79% N,

These percentages are approximately the values
found in the air we breathe. Other gases such as
argon, neon and carbon dioxide are found in the at-
mosphere in very small quantities. Compressed air
tanks are filled with these same percentages of oxygen
and nitrogen.

Condition C

The tank's total pressure has doubled to 1,520
mm Hg (2 atm). The percentage of oxygen and nitro-
gen in the tanks has not changed. But more of both
gases has been added to increase the pressure. What
is the partial pressure of oxygen and nitrogen?

P02 = Pk,(;u X 0/002
= 1520 mm x 0.21
=320 mm

PNz = Prow X %N>
=1520x%x0.79
= 1,200 mm

The percent of each gas in the total gas mixture does
not change. But as pressure increases, each of the
partial pressures increase by the same amount. If you
compare conditions B and C, you will see that the
total pressure has doubled and so have each of the
partial pressures.

Nitrogen Gas and Water Pressure—
Nitrogen Narcosis

The air you inhale is a mixture of 78 percent nitro-
gen, 21 percent oxygen, 0.03 percent carbon dioxide
and small amounts of other gases. The oxygen in the
air you exhale decreases from 21 to 16 percent and
the carbon dioxide increases from 003 to 56 percent.
During exhalation, the body produces roughly the
same amount of carbon dioxide as the oxygen taken
in. Nitrogen remains the same.

At the surface, the pressure of air is one atm or
760 mm Hg. Nitrogen makes up 78 percent of the air
with a partial pressure of about 600 mm Hg. As a diver
experiences greater pressures, the partial pressure of
nitrogen increases (the percentage of nitrogen in air
remains the same with increasing pressure). At greater
than 100 feet (4 atm), the increase in partial pressure
causes nitrogen narcosis. At depths iess than 100 feet,
nitrogen is not used by the body and has no effects
on it.

The symptoms of nitrogen narcosis are like those
of intoxication. Divers act foolish, take off their rmasks,
remove their mouth pieces and descend past safe
limits. Several factors, including alcchol, a hangover,
fatigue, excess carbon dioxide, inexperience and anx-
ety lower a diver's resistance to nitrogen narcosis.
Nitrogen affects divers differently; any one diver may
experience a variety of symptoms.

For divers working at depths greater than 100
feet, the compressed air mixture is changed. Nitrogen
is removed and replaced with inert gases, usually
helium. This removes the problem of nitrogen narcosis
and allows the diver to work deeper. But helium is rare
and costly. Usually only commercial and cther profes-
sional divers descend to depths greater than 100 feet.
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Henry's Law

Henry's law states that the mass of a gas dis-
solved by a definite voluma of liquid at a constant tem-
perature is directly proportionai to the pressure on that
gas. The equation expressing the relationship between
solubility and pressure Is:

CQ = kpq

Where:
C, = solubility f gas in the solution phase
k = proportionality constant
P, = pressure of gas over the solution

This means that a liquid will absorb a gas from
within and outside itself (Figure 7). For example, the
surface ‘waters of the ocean are saturated with air at
sea level pressure (1 atm). A human's blood is
saturaled with oxygen, nitrogen and other gases
found in air at sea level pressure.

(e S
Figure 7 Henry's law
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Nitrogen and Water Pressure—The Bends

Nitrogen, in air and compressed air, does not
combine with blood like oxygen. As a diver descends,
nitrogen goes into solution in the diver's blood and is
carried to the tissues and fat. A diver's body tissues
balance with the partial pressure of nitrogen for a par-
ticular depth in eight to 12 hours. The saturation of
tissues by nitrogen increases with the length of the
dive at a particular depth and pressure.

Figure 8 Oxygen extraction by air breathing animals

CO,
O, marr
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HB - hemoglobin

As a diver ascends, the partial pressure oi nitro-
gen in the lungs decreases. Blood leaving the lungs at
lower pressure has a lower nitrogen partial pressure
and is circulated to body tissues. The tissues have a
higher nitrogen partial pressure so nitrogen escapes
from tissues into the blood. The blood returns to the
lungs where nitrogen diffuses into the air exhaled
(Figure 8). With each round of circulation, more nitro-
gen is removed. Nitrogen is eliminated from saturated
tissues in 9 to 12 hours. This elimination process IS
known as decompression.
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if decompreasion occurs too rapidly, the blood
and tissues may receive too much dissolved gas to
hold in solution. Because the load of gas cannot be
carried to and eliminated from the lungs quickly
enough, the gas liberates itseif in the form of bubbles
that appear in the blood and tissues. Therefore, a diver
needs to observe certain "hold points” during his as-
cent. Stopping at certain points allows time for excess
nitrogen to be removed from the bloodstream to the
lungs.

The classic exarnple of dissolved gas coming out
of sofution is a bottle of soda. No bubbles are visible
when the cap is on because the liquid is under pres-
sure and the bubbles are too small to be seen. Re-
moving the cap reduces the pressure. The bubhles
come out of solution. When the partial pressure of the
carbon dioxide gas dissolved in the soda equals the
partial pressure of the gas in the air surrounding the li-
quid, the soda does not bubble and is considered
“flat."”

Nitrogen can form bubbles in the blood and tis-
sues much like carbon dioxide bubbles in a soda.
These bubbles move throughout the body and can: 1)
lodge in constricted areas such as joints causing pain,
2) pinch off and damage nerves and 3) cause paraly-
sis. This condition is known as decompression sick-
ness, the bends or caisson disease.

Decompression sickness is certainly the most
famous diving iliness. It was discovered in the 19th
century by laborers working in tunnels beneath rivers.
To keep water out of working areas, the tunnels were
pressurized. Many workers returning to ordinary atmos-
pheric pressure at the end of the day developed pain
in their joints. Some became paralyzed. The malady
became known as caisson disease.

The disease remained a mystery until 1907 when
J.S. Haldane developed "stage decompression.” He
found that decompression sickness could be a\ Jided
by bringing anyone who had been in a high-pressure
environment to ncrmal atmospheric pressure in grad-
ual stages. This eliminated the formation of small bub-
bles of nitrogen in the blood and tissues.

Depending on where bubbles lodge in the body,
the symptoms of decompression sickness may vary
(Figure 9). fn most cases, symptoms begin within an
hour, but they make take longer (six or more hours).
Other factors also increase a diver's chance of devel-
oping decompression sickness. Age, obesity, extreme
fatigue, alcohol, old injuries, extreme hot or cold water,
and dehydration can hinder blood circutation and pre-
vent nitrogen from quickly entering and leaving the
blood. Fat absorbs about five times more nitrogen

Figure 9 Areas affected by decompression sickness

joints,
muscles,

than blood or other tissues. Consequently, nitrogen is
not removed quickly from fat during decompression,
making obesity a dangerous problem. Other factors to
consider are the intake of certain drugs, metabolic
stresses such as sleep foss, hypercoagulability (blood
that readily coagulates), high altitude diving and work
rate at depth.

The US. Navy has developed tables that tell
divers the maximum number of minutes they can
theoretically stay at certain depths and still avoid
decompression sickness. But abiding by those limits
does not guarantee safety. The U.S. Navy diving
tables are based on evaluations of trained, heaithy
men. Sport divers range widely in physical condition
and ability.

The only effective treatment of decompression
sickness 1s immediate recompression in a hyperbaric
chamber. Recompression increases the pressure
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around a diver (as if he were diving), reducing the size
of the bubbles and forcing thern back into solution.
Then the pressure is slowly reduced to allow the diver
to decompress gradually. At the first signs of the
bends, a diver should not hesitate to seek treatment.
Time is critical.

In North Carolina, the only recompression cham-
ber is at Duke University in Durham. They have a
facility for decompression sickness treatment. Duke
University also sponsors a Diver Alert Network (DAN)
that provides information to divers and physicians
nationwide.

Questions
Boyle’s Law

Hint: For every 33 feet of descent from the surface, the
pressure increases by 1.0 atm. Surface pressure is
10 atm.

1. Holding his breath, a diver leaves the surface with
40 liters of gas in his lungs. What is his lung volume at
a depth of 66 feet?

2. You are diving to a wreck at 132 feet. Using Boyle's
law, determine the changes in pressure, volume and
density with increasing depth.

Depth Pressure Volume Density
(surface) 40 liters 1.0 kg/liter

33 ft. 2.0 atm

99 ft. 40 atm

132 ft.

3. A diver is at 33 feet (2.0 atm of pressure) and the
gas in his lungs occupies a volume of 1.0 liter. What
volume would his lungs occupy at the surface? What
volume at 99 feet?

4. You dive to a wreck off of the North Carolina coast.
As you return to the surface (1.0 atm pressure). you
forget to breathe (a big mistake). Will your lungs burst
under the following situations? Use Boyle's law and
show all work. Human lungs can only expand to four
liters.

Site Depth Pressure  Volume of Lungs
A 66 ft 30 atm 30 liters
B 132 ft 50 atm 10 liter
C 99 ft 40 atm 050 liter
D 66 ft 30 atm 033 liter

Charies’ Law

1. Examine the graph. Does the graph show a direct
or an inverse relationship? Why?

volume

temperature

2. On a hot summer day you take your air tank to a
dive shop to be filled. You then have to run a couple
of errands, so you place the tank in the trunk of your
car. The tank was filled at 20°C and your car trunk is
31°C.

a) What will happen to the temperature of the gas
molecules in the tank?

b) What will the gas at 31°C do in the tank?

c) If the tank is filled to its maximum capacity, what do
you think might happen to this tank in your trunk?

3. Using the graph below, answer the following
questions.

40
—l
30
20
10

T T
13°  25°

a) What volume corresponds to a temperature of
25°C? 13°C?

b) If you were filling a tank for a diver, which tempera-
ture, 25°C or 13°C, would allow you to add the maxi-
mum amount of gas? Why?

Dalton's Law

1. The total pressure in an air tank is 810 mm Hg.

a) If the pressure of oxygen is 150 mm Hg, what is the
partial pressure of nitrogen in the tank? (Assume oxy-
gen and nitrogen are the only gases in the tank.)

b) Wrat percentage of the gas in the tank is oxygen?
Nitrogen?
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c) Is this the composition you breathe normally?

2. What is the partial pressure of oxygen in com-
pressed air from a scuba tank breathed at 132 t? (in
mm Hg and atm). Use the percent oxygen from the
introduction.

3. In deep diving, divers breathe gas mixtures of
hellum and oxygen. The partial pressure of oxygen
rust be maintained at 160 mm Hg or slightly greater
to avoid toxicity. In a helium-oxygen mixture breathed
at 500 feet, what percentage of oxygen will result in
an oxygen partial pressure of 210 mm Hg?

Henry's Law

1. Draw a graph that shows the relationship betwee:n

pressure and the amount of gas dissolved in a liquid.
/

2. At which of the following depths would a diver have

a higher partial pressure of nitrogen in his blood: 33 ft.

or 132 ft. Why?

Test Questions

1. A diver descends to a wreck at 80 ft. He stays there
too long and realizes that he is out of air. He swims to
the surface quickly.

a) If the diver holds his breath during the ascent, how
will this affect his lungs? Which gas law explains this?

b) At the surface, the diver feels pain in his joints. He
suspects that he has the bends. Why might he have
developed the bends? (Apply thi. appropriate gas
laws in your answer.) How might he get rid of the
pain?

2. Define each gas law.

a) Boyle's
b) Charles'
¢) Dalton's
d) Henry's

3. Name the gas law that applies to each of the follow-
ing conditions and explain how it applies.

a

~—

Lungs burst

Nitrogen narcosis
Squeeze
Decompression sickness

~—

b
c
d

~—

4. Draw graphically the relationship that applies for
each of the following gas laws.

a) Boyle's
b) Charles’
c) Henry's

5. What are the partial pressures of nitrogen and oxy-
gen in the lungs at 0 ft? Do these change with in-
creasing depth during a dive? Explain.

6. Rapid ascent rates may contribute to the cause of
decompression sickness. True or false.

7. Helium causes decomoression sickness in much
the same way that nitrogen does. True or false.

8. What is the Pn, of air breathed at 99 feet under
water? (in atm and mm Hg)

C/53
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9, Air pressure is (higher, lower) at the top of a tall
building than it is at ground level.

10. Why are water pressure changes so much greater
than air pressure changes with a change in depth?

11. For every 10 meters (33 feet) of water depth, divers
experience an additional atmosphere(s)
of pressure.

12. Name three bcdy areas where divers rotice
pressure the most.

13. How does scuba gear keep the diver from experi-
encing pressure in the body cavities?

14. Name three problems that air in the bloodstream
can cause?

15. During a dive, gases entering the lungs are ab-
sorbed to a (greater, lesser) extent into the blood-
stream than when the diver is on land.

16. As the diver ascends, gases dissolved in the blood-

stream do not stay dissolved. They become bubbles
in the blood. Name three problems that gas bubbles
can cause for the awur’?

17. The formation of gas bubbles in the bloodstream is
called

18. What is the purpose of hold points during a diver's
ascent to the surface?

19. A gas is (more, less soluble) in a hot liquid than it
is in a cold liquid.
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ACTIVITY 4

Underwater Research Facilities: Hydrolab

Purpose

To teach about saturation diving in underwater
facilities.

Background

The number of people involved in diving activities
has increased steadily. This increase is found in scien-
tific, recreational and commercial diving. Because of
this heightened interest, there is a need for equipment
and procedures that would allow a diver to operate
with greater flexibility, safety and effectiveness and for
longer periods of time. Although significant achieve-
ments are being made towards working at greater
depths, particularly by offshors: industries, much work
is still confined to waters less than 300 feet deep.

Pioneering work in the 1930s indicateu that satur-
ation diving might be feasible and provide divers the
extended time and depth needed. Under saturation
conditions, divers spend 24 to 36 hours under depth-
pressure to become saturated with an inert breathing
gas (probably helium). Once a diver is saturated, the
required time for decompression is the same regard-
less of how long the diver stays |

Researchers develcped underw. .er research labs
where divers become saturated and work for days to
weeks at greater than normal pressures. Hydrolab in
the Bahamas is one such facility. At Hydrolab, divers
are saturated at 50 fest, allowing dives to greater
depths to occur more easily.

The length of a dive usually proves to be the
greatest limiting factor for scientists. But working out of
Hydrolab, divers can work longer at their research
sites and are able to obtain new air tanks without hav-
ing to endure long surface intervals between dives. A
surface interval is the time required at the surface be-
tween dives to gradually rid the body of nitrogen. The
greater the time spent at the surface between dives,
up to 12 hours, the longer the next dive can be.

Hydrolab is a manned habitat operated at am-
bient or surface pressure. Located at 5C feet, the lab
saturates divers at this depth. Three to four divers live
in Hydrolab for up to 14 days. Hydrolab is an 8-by-16
foot cylindrical chamber with a 3-by-10 foot submarine
dry transfer tunnel. The habitat contains two bunks,
lights, a communications radio, toilets, windows, tables

and a shower. Divers use a lockout dry tunnel where
water meets air of the same pressure to access the lab.

Divers using this facility undergo extensive train-
ing. On the first day, they are delivered to an area
above the lab. They dive to the lab, set up and begin
their work. Within 12 hours, they are saturated and
have adjusted to the change in pressure. For the next
week to 14 days, the divers work in shifts to perform
their experiments. The boat returns daily to bring
meals and compressed air tanks and to check on the
divers.

On the last day, the divers close the tunnel and
start decompression. The process takes about 14
hours. When decompression is complete, divers suit
up and return to the surface. Then they return to the
land station for at least 24 hours to guard against any
post decompression problems.

The lab allows scientists to perform experiments
that would be too difficult or impossible for divers
working from the surface. Scientists use the lab to
study marine biology, geology, chemistry, physics,
ocean dumping, resource development and ocean
technology.

Questions

1. What gas laws apply to the definiticn of saturation
diving?

2. If a diver does not go through a complete decom-
pression sequence what may occur? Why?

3. What is a surface interval?

4. What is the ambient pressure at Hydrolab?
(approximate)

5. What two factors does Hydrolab extend for research
divers?

6. Are divers using Hydrolab likely to develop nitrogen
narcosis? Why?

7. How long does it take a diver to saturate at a new
depth? How long does it take to return to surface
pressure saturation?

\ C /55
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ACTIVITY 5
Dramatic Pressure Changes

Purpose

To determine the moisture content of popcorn
kernels and to observe how moisture and pressure
relate to the popcorn's ability to pop.

Background

Dramatic pressure changes occur with increasing
water depth in the ocean. The pressure increase of
one atmosphere for every 33 feet (10 meters) cf depth
is a very important factor to be considered by scien-
tific, recreational or commercial divers. Groupers, fish
that are accustomed to high pressures deep in the
ocean, explode when brought to the ocean's suface.
Their air bladders protrude through their mouths and
their eyes often pop out.

A single kernel of popcorn can provide some in-
teresiing pressure chemistry. A popcorn kernel is
made of starch, protein, fat, minerals and water. The
water is critical to the popping. When popcorn is
heated, the water inside the kernel becomes steam
and the internal pressure increases to as much as 9
atmospheres. When the hu!: can no longer withstand
the pressure difference between the steam inside and
the air outside, the kernel pops.

Equipment/Materials

normal popcorn
oven-heated popcorn
125-ml Erlenmeyer flask
aluminum foil

Bunsen burner

ring stand and ring

wire gauze

ruler

permanent felt marking pen
balance

10-ml graduated cylinder
heat-resistant gloves or flask tongs
100-ml graduated cylinder

Procedure
Moisture Content

Using aluminum foil, fashion a lid for 8 125-ml
Erlenmeyer flask. Determine the mass of the empty

flask and lid. Record it in a data table. Remember that
a data table should have a number and a title. Be sure
to put units on the data.

Using the 10-mi graduated cylinder, measure the
volume occupied by 20 kernels of unpopped normal
popcorn. Record your findings in your data table.

Put the 20 kernels of unpopped corn in the
Erlenmeyer flask and cletermine the mass of the flask,
popcorn and the foil lid. Record this information.

Using subtraction, determine the mass of the 20
kernels of unpopped corn. Record this data.

Make sure the foil lid fits snugly over the mouth of
the flask. With a pencil or a pen, make a few small
holes in the foil.

Heat the flask over the Bunsen burner to pop the
corn. be sure to use wire gauze between the flask
and the burner. Let the flask sit undisturbed until the
kernels start to change color. Then use flask tongs or
heat-resistant gloves to hold the flask. Shake the flask
over the burner until all kernels pop.

Remove the flask from the heat and carefully
remove the foil. CAUTION! Do not get burned by the
steam! Let the flask stand for a few minutes to cool.

When the system is cool, determine the mass of
the flask, lid and popped corn. Record this information.

Abllity to Pop

Mark a kernel of aven-heated popcorn with a felt
marker and place it in a 125-ml Erienmeyer flask .along
with a normal kernel. Cover the flask tightly with a foil
lid. Heat the flask as instructed before. Watch the two
kernels to determine which pops first and which pro-
duces the fluffiest popcorn. Record these observations.

Measure in millimeters the longest side of each of
the two popped kernels. Record this information.

Questions

1. Why is the mass in popped corn less than the mass
in the unpopped corn (i.., what has left the system)?

2. What is the mass of the water lost by the system?
Show mathematically how you arrived at this answer.

3. What was the percentage of water in the unpopped
kernels? Show mathematically how you arrived at this
answer.

Yy
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4. The ratio of the volume of the popped corn to the
volume of the unpopped corn is called expansion
volume. The popcorn industry uses expansion volume
as a test of quality. Orville Redenbacher claims his
gourmet popping corn has an expansion volume of
40 to 1. What is the expansion volume (expansion
ratio) for the popcorn used in this experiment? Show
mathematically how you arrived at this answer.

5. What substance is present in a larger amount in the
normal kerne! as compared with the oven-heated
kernel? In which kernel was the internal pressure
greater before popping?

8. Which kernel produces more desirable popcorn,
the normal or the oven-heated?

7. Reread the lab introduction and answer the foliow-
ing questions: Would popcorn pop faster on Pike's
Peak or in Durham? Why?

8. Prepare a graph of expansion volume (dependent
variable with no units) as a function of the percentage
of water (independent variable with % units). Use data

from the vhole class.

Remember: Label the axes of the graph and show the
units where appropriate. Protect the points on your
graph with circles, squares or triangles. Make the
graph cover as much of the piece of graph paper as
possible. Draw a best-it line on your graph. Give the
graph a number and a title.

9. A data table must accompany the graph. Give the
table a title. The columns in your data table must have
titles and units where appropriate. The column titles
should be: Expansion Volume, Percentage Water (%)
and Source of Data. The Source of Data column
should contain the first names of the lab partnership
from whom the data was obtained.

NOTE: Do not put units on data in a data table if the
units are already specified in the column headings.

10. At what depth in the ocean would the pressure be
equivalent to the pressure inside a popcorn kernel just
before it pops (9 atmospheres)? Give your answer in
feet and meters. ignore significant figures.

f)os
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ACTIVITY 6
Sea Squeeze

Purpose

To relate the change 11 the volume of a gas to a
change in pressure on the gas (Boyle's law).

Background

Ships at sea often bag and weight garbage, then
dump it overboard”

Occasionally garbage containing Styrofoam cups
esnapes from the bags. The high pressures at great
depths in the ocean compress the air in the cups,
squeezing them into miniatures. This basic idea of the
changing volume of a gas with a change in pressure
on the gas can be illustrated using a marshmallow
and a vacuum pump. [n this case, air will be expand-
ing instead of being compressed.

*An international trealy called MARPOL-Annex V, passed as an
act by the U.S. Congress in 1988, bans all dumping by commercial

vessels In terntonal waters of the high seas. U.S. miltary vessels are
exempt until 1994,

Equipment/Materials

vacuum pump
bell jar’
marshmaliows (fresh)

Procedure

Place a fresh marshmallow in a bell jar and reduce
the pressure in the jar by using a vacuum pump. The
marshmallow is whipped and contains air bubbles. As
the external pressure is reduced, the air bubbles in
the marshmallow will expand. The marshmallow looks
like a monster coming alive as it grows.

As pressure returns to normal, the marshmallow
shrinks. If the vacuum pump is left on too long, the air
bubbles in the marshmallow will burst. When the pres-
sure returns to normal, the marshmallow will shrivel.
Then students can see an airless marshmallow.

An interesting extension of this demonstration is 10
combine several marshmallows into an artistic’crea-
tion. For instance, you could make a snowman.

Questions

1. How are pressure and volume related, inversely or
directly?

2. Write a mathematical equation that relates pressure
and volume.

3. Use Boyle's law to relate the marshmallow exercise
to a diver's lungs.
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ACTIVITY 7
Diver’s Lung

Purpose

To relate the change in the volume of a gas to a
change in pressure on the gas (Boyle's law).

Background

The first effect divers feel when descending into
the ocean is a "squeeze” on their lungs because of
the increasing ambient pressure. Breathing com-
pressed air will equalize the pressure inside and out-
side the lungs and relieve the squeeze.

An ascending diver experiences the opposite
pressure-volume effect. Divers not breathing on ascent
feel their lungs expand. A diver's lungs can only ex-
pand 15 to 30 percent of their original volume without
bursting. Smart divers breathe on ascent so that exter-
nal and internal pressure is equalized and the normal
lung and air space volume: is maintained. This
pressure-volume relationship can be illustrated by us-
ing a ballon and a vacuum pump.

Equipment/Materials

vacuum pump
bell jar
balloons

Procedure

Put a small amount of air in a balloon. Tie it off so
no air escapes. Place the balloon in bell jar. Reduce
the pressure by using a vacuum pump. As the
pressure reduces, the balloon expands because the
pressure inside is greater than external pressure. As
the pressure returns to normal the balloon shrinks.

To make this demonstration a little more in-
teresting, a message or drawing could be put on the
outside of the balloon. The message/drawing should
be small so that it is hardly noticeable until after the
balloon expands.

Questions

1. How are pressure and volume related, inversely or
directly?

2. Write a mathematical equation that relates pressure
and volume.

3. Use Boyle's law to explain the changes in a diver's
lungs as he descends or ascends in the ocean.

)
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ACTIVITY 8

Pressure Versus Volume Experiment

Purpose

To illustrate the relationship between the pressure
and volume of a gas (Boyles' law).

Equipment/Materials

4,000-m! graduated cylinder
50-ml buret
smaller graduated cylinders
metric ruler

Procedure

Fill the 4.000-mi graduated cylinder to its top
graduatior; with tap water. Let the water sit until it has
reached room temperature. (The cylinder could be filled
the night before the iab.)

Close the stopcock on the buret. Use a small
graduated cylinder to add approximately 8 to 10 ml of
tap water to the buret.

Put your finger over the open end of the buret; in-
vert the buret; and lower it into the water in the
4,000-ml| graduated cylinder. Remove your finger

Raise or lower the buret until the water level inside
the buret coincides with the water level in the
graduated cylinder. At this poini, is the pressure being
exerted on the air in the buret greater than, less than,
or equal to atmospheric pressure? (Answer: equal)

While holding the buret so the water levels inside
and outside the buret coincide, read the volume of
water in the buret* Be sure to read the graduations
on the buret to two decimal places. Remember to
read the volume at eye level, Record this volume in a
data table.

Move the buret down into the graduated cylinder
until the water levei inside the buret coincides with the
3,500-m! mark on the cylinder. Read the volume of
water inside the buret" Record this volume in your
data table.

Has the water level inside the buret risen or
fallen? (Answer: risen) Why did this water ‘evel change
occur? (Answer: Pressure on the air in the buret is
greater and the air takes up less volumc ,

While holding the buret’s water level at the
3,500-ml mark, use a metric ruler to measure the
distance between the water level in the graduated
cylinder and the water level in the buret” Take your
measurement in centimeters, and read the ruler to two

decimal places. Record this measurement in your
data table in a "Height of Water" column.

Move the buret down again so that the water level
coincides with the 3,000-m| mark on the graduated
cylinder. Read the water volume in the buret," and
record it in your data table. Before moving the buret
from the 3,000-mI mark, use the metric ruler to
measure the distance between the water level in the
graduated cylinder and the water leve! in the buret.
Record this measurement.

Continue this process of moving down 5C0 ml,
measuring, and recording until you can go no further
down in the graduated cylinder.

*Add the necessary volume 10 each reading to ac-
count for the water that is filling the unmarked part of
the buret.

Questions

1. How can you determine the total volume of your
buret?

2. What is the total volume of your buret? (It will nc: be
50 ml.) Record as many significant figures as your
measuring device will give.

3. Calculate the volume of air in the buret at each data
point by subtracting the volume of water from the total
volume of the buret. Record the answers to your
calculations in the “Volume of Air" column in your
data table. Show your calculation..

4. State Boyle's law.

5. Write the mathematical statement of Boyle's law that
shows two different pressures and volumes of the
same gas.

6. Assume that the first volume of air in your data table
was measured at room pressure. Use a barometer to
determine the atmospheric pressure in the classroom.
Record this pressure in the "Pressure on Air" column
in your data table.

7. Use Boyle's law to calculate the pressures related to
the other air volumes and record them in your data
table. Show your calculations. Do not forget to use
units.
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8. Based on the data in your data table, how are the
pressure and volume of a gas related, directly or
inversely?

9. Using your data, make a proper graph of volume
versus pressure.

10. Based on the water height and pressure data, how
much does the pressure exerted by the water change
for each centimeter of water height? HINT Get an
average of the AP/Ah calculations. Show your
calculations.

11. In fresh water, pressure changes 1.00 atmosphere
for every 3 feet of water he ght. Convert this to at-
mospheres/centimeter. Show your mathematical work.

12. Using the results in questions 10 and 11, caiculate
your percent error for change of pressure with depth
of water. Show your mathematical work.

13. What other substance (in the gaseous state) was
introduced into or increased in the air trapped in the

buret because of the procedure used in this
experiment.

14. Give two sources of error in this experiment.

15. How is the water we used in this experiment dif-
ferent from seawater?

16. If a diver is 50 feet down in fresh water, would he
experience more or less pressure than if he were 50
feet down in ocean water? Why?

17. Imagine a diver descending into the ocean. What
will happen to the volume of his lungs and the air in-
side? Why?

18. What could happen to a diver's lungs as he
ascends if he does not exhale while rising?

19. Today scuba gear is commonly used for diving in
the ocean. What words are represented by each letter
in the acronym scuba?

N
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Competency Factors/References

Competency Indicators

Chemistry-Academic—

5.4 know how to make calculations for the prediction
of the behavior of gases.
Chemistry-Applied/Technical—

5.4 know how to make calculations for the predictions
of the behavior of gases.

Physical Science-Academic—

36 know the basic characterisucs of solutions.

Competency Measures

Chemistry-Academic—

5.4.1 describe the behavior of gas in terms of kinetic
molecular theory; and

5.4.2 make calculations and laboratory verification of
the relationships of pressure, volume and temperature.

Chemistry-Applied Technical—

5.4.1 make calculations and laboratory verifications of
the relationships of pressure, volume and ternperature;
and

5.4.3 examine instruments and formulate methods of
measuring pressures and volumes of gases.

Physical Science-Academic—

36.1 identify the various types of solutions: liquids,
gases, solids.
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Chemistry Answers

Part 1/Chemical Reactions in the
Marine Environment

Activity 1/Elements and Compounds in the Ocean

1. Silver, antimony, chromium, cobalt, rubidium,
cesium, selenium, molybdenum

2. CuS, ZnS, HgS, Ag.S, CdS, BixS3, PbS

3. Aluminum niobium
lead cadmium
arsenic phosphorus
manganese cerium
beryllium plutonium
nickel chromium
carbon scandium
cobalt iodine
silver zirconium
copper iron
zinc

4. Pb, Zn, Fe, Cd, Co, Cu, Ni, Mn, Sr, Ca, Mg

5. Chlorine, magnesium, bromine, strontium, sulfate,
iron, silicon, manganese, sodium, zinc, calcium, cop-
per, potassium, cobalt, nickel, lead

6. Chloride, bromide, sulfate, carbonate, bicarbonate
or hydrogen carbonate, fluoride, boric acid,
magnesium, calcium, strontium, potassium, sodium

7. Mn, Fe, Ni, Cu, Co

8. Carbon dioxide, nitrate ion, ammonia, ammonium
ion, phosphate ion

9. ‘"3283. CU2S, ZnS. AQQSO4. CaSO4
Activity 2/Marine Chemical Reactions

1. 106002 +16NO31 ™~ + PO43_ +54H,0 ~
C106N16PH108046 + 1360,

C:M:P =106:16:1
2. Cly + 2NABr - Bry t + 2NaCl

3. 3Brz + 3Na;COy4 — 5NaBr + NaBrO; + 3CO,

4, 6002 + 6H2O = CsH1206 + 602
5. GCOQ + 12H2S - CsH1206 +125+ 6H20
6. GCOQ + Og + 14H2S g CsH1206 +14S + 8H2O

7. CsHmOe + 3H2SO4 - 3H2S + 6H20 + 6002
SCH2O + 4HN03 - 2N2 + 7H20 + 5002

8. SIOQ + 2HQO - H4SIO4

2NaAISizOg + 2H,CO3 + 9H,0 = 2Na* + 2HCO; ™ «
4H4SIO4 + AI2S|205(OH)4

3KAISi3Og + 2HQCO;; + 12H20 -+ 2K* + 2HCOa +
6H4Si04 + KA|3Si3010(OH)2

2KMgaA|S‘301o(OH)2 + 14H2003 + H2O = 2K* +
B6Mg2* + 14HCO3 " +4H,Si04 + AlySi;O5(0iH),

A|28|205(OH)4 + 5H20 = 2H4SiO4 + A|203 . 3H20

9. a
b
c
d

~—

CaCO;; + S‘Og g CaSth + CO2
MgCO;3 + SiO, = M@SiO3 + CO,
2F€203 + 4Si02 + CH2O - 4F€Si03 + Hgo + CO2

2F8203 + QCH2O + 408804 - 408003 +4FeS +
5002 + 9H20

—_—

10. a) Fe283 + 3H20 + 602 - Fe203 + 3H2SO4
b) 4FeSan + 02 - 2F8203 + 4SI()2

Activity 3/identification of Halide lons

1. a. NaCl + AgNOs;— AgCIl + NaNQ,
b. NaBr + AgQNO; = AgBri + NaNOj3
c. Nal + AgNOz = Agl{ + NaNOj3
d. iNaF + AgNO; = No reaction

2. AgCl, silver chloride; AgBr, silver bromide;
Ag], silver iodide

3. AgF, silver fluoride
4. yes

5. yes
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6. soluble
7. nitrate

8. sodium
9. negative

10. a) white
b) off-white

c) yellowish
11. Improper cleaning of equipment. Poor observa-
tion/data recording techniques. Not carefully reading
labels on solution bottles.
12. Hydrochloric
13. Because chloride ions in the presence of silver
ions form a white precipitate, silver chloride, and
ﬂuoriﬁdcla ions in the presense of silver ions form no
precipitate.
14. chloride
15. chloride and sodium
Activity 4/Magnesium and its Compounds
1. mratal, solid, silvery, etc.
2. white powder
3. 2Mg + O = 2MgO
4. solution becomes pink
5. basic
6. MgO + H,0 = Mg(OH),
7. bubbling—a gas is formed
8. Mg + 2HCI - MgCl, + Hpt
9. white powder
10. magnesium chioride, MgCl,
11. yes
12. solution becomes pink

‘/ 64
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13. basic

14. Mg + H,0 = Mg(OH), + Hat

15. a precipitate forms

16. MgSO,4 + NaOH = Na,SO, + Mg(OH)z¥
Activity 5/Magnesium from the Sea

1. clear, colorless solution

2. A cloudy, white, gelatinous precipitate formed.

3. The solution above the white precipitate was clear
and colorless.

4. MgSO, + 2NaOH = Na,SO, + Mg(OH)z¥
5. magnesium hydroxide

6. Use an electric current (electrolysis).
Activity 6/Biogeochemical Zonation

Transparency 1

1. (a) atmosphere: air drafts, wind, diffusion, gravity,
rain/precipitation, attachment to flying objects.

(b) water: currents, waves, diffusion, gravity, attach-
ment to other moving things (sinking particles,
swimners).

(c) sediments: gravity, sedimentation (burial), diffu-
sion, digging.

2. Gravity makes objects move toward the earth,
whether these objects are in the atmosphere, water or
sediments. However, gravity acting upon a stone in
water is not the same as gravity acting upon a stone
in the air or sediments.

3. The rock is eroded by wind and rain. Then it is
swept into a river and eventually carried to the ocean
where silicon may be leached to form dissolved ions.
Leaching also may occur during runoff or in the river,
with the resultant ion carried to the sea.

4 The wind carries sand across the Sahara until it
reaches the Mediterranean where it drops into the
sea. The sand floats to the bottom where the silicon is
leached. The resultant ions are carried by current
through the Straits of Gibraltar to the eastern Atlantic.

70




CHEMISTRY/ANSWERS
I

Transparency 2

1. They need light and CO, to make food.
2. The zooplankton feed on the phytoplankton.

Transparency 3

1. Zooplankton satisfy their need by eating
phytoplankton, other zooplankton or decaying organic
matter. Fish eat phytoplankton, zooplankton and other
fish.

2. The decomposition process starts with the ingestion
~f the zooplankton. Through the digestive process, the
zooplankton's cellular material is broken down into
molecules the fish can use in their physiological func-
tions. Excess and indigestible material collects in the
digestive tract and is expelled as fecal material. Once
the feces is released into the marine environment it is
consumed by other marine organisms and decom-
posed further. This decomposition process reduces
the zeoplankton's cellular structure to the less complex
chemical eiements and molecules.

Transparency 4

1. Carbon-containing molecules are the building
blocks for living iissue. Through photosynthesis car-
bon is changed from the atmospheric carbon dioxide
molecule to a variety of saccharide (sugar) and protein
forms that are used in the cellular construction and
maintenance of living organisms.

2. (a) Carbon dioxide gas in the atmosphere diffuses
into tt > water and is dissolved in the surface layers of
the ocean. (b) The carbon dioxide gas dissolved in
the ocean water is used by plants during photosynthe-
sis to become carbon in living plant tissue at the
ocean'’s surface. (c) The plant tissue containing carbon
is eaten by an animal and s excreted as an ocean
fecal pellet that sinks to the bottom. The plant tissue
itself can be on the bottom if the depth is less than
200 meters.

Transparency 5

1. The matter is consumed by organisms that
assimilate the nutrients into their own body or release
them as new particles. Fewer particles are produced
with depth because of continuous decomposition.

2. NO3~ reduction would occur if NO3~ is available:
Fe reduction, if O, and NO3 ™ are absent and iron (I11)
Is available; SO42~ reduction, if O,, NO;~ and Fe (111)
are absent and SO42~ is available.

3. The dead matter would not be broken down (de-
composed) by organisms. It would probably sink and
be buried over time. The absence of such oxidizers in
our geologic past is believed to be what is responsible
for large oil deposits.

Part 2/Density Dynamics
and Estuaries

Activity 1/Salinity Stratification

1. Because of the different densities of the solutions
and the care taken not to mix the solutions.

2. The solutioris may have mixed depending on what
order was chosen.

3. They will mix.
4. Waves, tides and rainfall.

Activity 2/Salinity Predications

1. salt

2. Denser salt water flows to the bottom.

3. Surface is river water; bottom is ocean water.
4. Closest to the bottom

Activity 3/Density and Buoyancy of the Ocean

1. The sugar makes the regular soda denser.
2. salt water

Activity 4/Estuarine Stratifications
and Animal Adaptions

Problem 1 Site 2 Site 1
DEPTH DENSITY DENSITY
0 ft. 1.016 g/ml 1.006 g/ml
25 1. 1.016 g/ml 1.006 g/ml
50 ft. 1016 g/ml 1.006 g/ml
75 #t. 1.016 g/ml 1006 g/ml
This is a vertically mixed estuary.

Problem 2 Site 2 Site 1
DEPTH DENSITY DENSITY
0ft 1.002 g/mi 1.001 g/ml
2.5 ft. 1.004 g/mi 1002 g/ml
50 ft. 1.015 g/ml 1004 g/ml
75 ft. 1.022 g/ml 1006 g/ml

Py This is a salt wedge estuary.
, 1 g y
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Problem 3

Site 2 Site 1
DEPTH DENSITY DENSITY
0. 1010 g/mi 1.003 g/ml
25 ft. 1013 g/ml 1.008 g/ml
50 ft. 1022 g/iml 1.022 g/ml
75 ft. 1024 g/ml 1.024 g/ml

This is a highly stratified estuary.

Problem 4

1. Between the 1.013 and 1.020 lines near the bottom;
the same place.

2. Similar density

3. No. The water is of lower density.

Problem 5
1. SITE DENSITY
A 1028 g/ml

2. As the density decreases, the Metridium decreases
in size. As the density increases, the Metridium returns
to its original shape. The Metridium expels water from
its body cavity reducing the tissue contact with the ex-
ternal medium when it encounters lower density sea-
water. This is a gradual change over the time period
indicated.

Problem 6
1. High density

2. Low density
3. If density decreases, fewer larvae are released.

Test Question Answers

1. It will decrease. It will decrease.

2. No. Seawater in the Northern Hemisphere will be of
a lower density.

3. A. As density decreases, the hermit crab hides in
his shell (is not exposed).

B. As density increases, it moves around.

4 Density
1.003 g/ml
1.026 g/m|
1.020 g/ml
1,009 g/ml

5. Depth
Om
bottom
4m
2m

Highly stratified.
Part 3/pH and Ocean Buffering

Activity 1/Acids and Bases

1.2band 3
2. Equation BL Acid BL Base
2b HgCOa H20
3 HCO;~ H.0
3.(a) HCO3~

4. Because HCO3~ can donate a hydrogen ion.

5. Equation Conjugate Base Conjugate Acid
2b HCOa - H30 *
3 CO42" HiO*
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